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CLASSIFICATION AND ANALYSIS OF NETWORK ATTACKS IN THE CATEGORY OF 
“DENIAL OF SERVICE” INFORMATION SYSTEM 
Bakhodir Boltayevich Muminov', Obidjon Nuraliyevich Bekmirzaev’. 
!2 TUIT named after Muhammad al-Khwarizmi, 
e-mail: obidjon_bekjon@mail.ru 

Abstract: Information systems, including computer systems, are divided into 4 main classes of 
network attacks in the category of “denial of service”. At the level of the OSI model, the type of “denial 
of service” attacks was distinguished. The first. At the L2-L4 levels of the OSI model, the following 
MAC-flud, TCP SYN-flud, UDP-flud, and ICMP-flud, and at the L7 levels, HTTP (S) -flud, HTTP 
GET-flud, HTTP POST-flud, and DNS-flud attack. In addition, attacks on DHCP and FTP servers were 
categorized as “denial of service”. 

Keywords: Information, network attack, DNS, TCP, UDP, ICMP, HTTP, OSI, MAC, SYN. 

Annotauna: MHdopmMalivoHHble CHCTeMBI, B TOM 4HCJIC KOMIIbIOTepHbIe CHCTEMBI, JeIATCA Ha 
4 OCHOBHBIX KJIacca CeTeBbIX aTaK B KaTeropHu «OTKa3 B OOCIyxXHBaHHM». Ha ypoBHe Moyen OSI 
BbIJeeH THM aTak THIMa «OTKa3 B OOcTyxKHBaHHM. Tepper. Ha ypopuax L2-L4 mogenmm OSI 
cnenyroumwe MAC-flud, TCP SYN-flud, UDP-flud u ICMP-flud, a Ha ypopuax L7 — HTTP(S)-flud, 
HTTP GET-flud, HTTP POST-dsya u DNS-dnyg ataxu. Kpome toro, araku Ha DHCP- u FTP- 
CepBepbI ObIIM OTHECCHBI K KATeTOPHU «OTKA3 B OOCIY2KHBAHHYD». 

K.sno4uesbie copa: MHdopmanua, cerepaa ataka, DNS, TCP, UDP, ICMP, HTTP, OSI, MAC, 


SYN. 

Annotatsiya: Axborot tizimlari shu jumladan kompyuter tizimlariga “xizmat ko‘rsatishni rad 
etish” toifasidagi tarmoq hujumlarini 4 ta asosty sinflari ajratildi. OSI modelining sathlarida “xizmat 
ko‘rsatishdan rad etish” hujumlar turi ajratilib asoslandi. Birinchisi. OSI modelining L2-L4 sathlarida 
quydagi MAC-flud, TCP SYN-flud, UDP-flud va ICMP-flud hamda L7 sathlarida HTTP(S)- flud, HTTP 
GET-flud, HTTP POST-flud va DNS-flud hujumi. Bundan tashqari DHCP va FTP -serverlariga “xizmat 
ko‘rsatishni rad etish” toifasidagi hujumlar ajratilib berildi. 

Kalit so‘zlar: Axborot, tarmog hujumi, DNS, TCP, UDP, ICMP, HTTP, OSI, MAC, SYN. 


Global Internetdagi ma’lumotni 
foydalanish imkoniyatini buzilishlarga, ya’ni 


bittadan keluvchi paketlarni qayta ishlovchi 
paketli filtrlar turiga kiradi. Tahlil TCP, UDP 


mijozga xizmat ko‘rsatishni rad etishga olib 
keluvchi tarmoq hujumlari, 1999 yildan beri 
ma’lum [14, 13]. Hujumlar_ ko‘p — sonli 
kompyuterlar tomonidan amalga  oshirila 
boshlandi va taqsimlangangan tarmoq xarakterga 
ega bo‘ldi. Natijada tarmoq resurslarining ishlashi 
qiyinlashdi yoki umuman ortiqcha trafik tirbandlik 
tufayli imkonsiz bo‘ldi. Masalan, flud-hujumi, 
DNS protkoli zaifligidan foydalanib, hujum 
qilingan obyekt trafik miqdorini ortiradi [14]; 
SYN hujumlarining maqsadi operatsion tizim TCP 
stekini to‘ldirishdir [15]; Low-Rate hujumlari 
server yoki marshrutizator buferini to‘ldirishiga 
yo‘naltirilgan, bu keyinchalik qonuniy trafik rad 
etishiga olib keldi [16]. 

Bunday tahdidlarga qarshi kurashish uchun 
2000 yilda [17] tarmoq trafigi serverga yetib 
borishdan oldin tarmoq trafigini filtrlash va 
tahlillash imkoniyatini beruvchi uskuna ishlab 
chiqilgan. Tarmoq hujumlariga qarshi kurashish 
quroli tarmoqlararo ekran bo‘ldi. Ushbu vosita 
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protokollari uchun amalga oshiriladi. Kiruvchi 
paketdan olingan ma’lumotlari berilgan qoidalar 
to‘plami bilan taqgoslash yo‘li bilan taqqoslashlar 
natijalariga bog‘liq holda blokirovka qoidalari 
qo‘llaniladi: manbaga xabar yuborish bilan 
tarmoqda o‘tkazishni yoki paketni [33]. Masalan, 
DEC SEAL birinchi shu toifadagi yechim edi [18, 
13]. 

Kompyuter tarmog‘ida ma’lumotlarni 
uzatish kanalining ko‘payishi, katta miqdorlar 
veb-resurslar va ilovalardan foydalanish va ishlab 
chiqilishi bilan tarmoq hujumlarining 
murakkabligi va mukammalligi o‘sdi. Bir vaqtning 
o‘zida bir nechta  tarmoq  protokollardan 
foydalanuvchi kombinatsiyalangan hujumlar 
paydo bo‘lmoqda. Axborotni  himoyalash 
sohasidagi mutaxassislar barcha ma’lumot 
hujyumlarga garshi turishi, ilgari noma’lum bo‘lgan 
hujumlarni oldindan ko‘ra bilishi va _ barcha 
xavfsizlik tizimlarini dolzarb holatda qo‘llab- 
quvvatlash turishi lozim. Berilgan  vazifalar 
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bajarish uchun hujumlar uchun ham, ularni 
aniqlash hamda bartaraf etish usullari uchun ham 
yagona tuzilgan tizim ishlab chiqish lozim. 
Boshqacha qilib aytganda, ortiqcha trafikda 
kompyuter tarmog‘i qabul qiluvchi tugunining 
ishlovchi kontseptual model lozim. 

Hozirgi vaqtda, nashr etilgan tadqiqotlar 
bo‘yicha xulosa qilish mumkinki, bunday model 
dunyoda ishlab chiqilmagan. 

Konseptual modellashtirish uchun 
asoslar 

Bugungi kunda umumiy gqabul qilingan, 
taniqli hamda boshqa alternativasi bo‘lmagan 
kompyuter tarmoqlarining tarmoq munosabatlari 
modeli - bu OSI (Open Systems Interconnection) 
modelidir [19]. OSI modeli yetti sathdan iborat 
[19, 19]. Har sath ma’lumotlar uzatish uchun 
bevosita kommunikatsiya funskiyasini amalga 
oshiradi (1-rasm). 


KynaryBun 


Kady KuyBuu 


L7-Ilova L7-Ilova + 
L6-Takaumor leq > L6-TakyqumMorT 
L»| L5-Ceauc L5-Ceaue + 
L4-Tpancnopr jt | L4-Tpancnopr 
ip} L3-Tapmok L3-Tapmok — 
L2-Kanan j— | L2-Kanan 
> L1-O®vsuk L1-Ov3uK 
@v3uk MyXHT T 
l-rasm. OSI modeli sathlari orasidagi 


o‘zaro munosabat 
Tarmoq trafigi obyekt sifatida tarmoqda 


uzatiladi ma’lumotlar hagida kerakli butun 
ma’lumot o‘z_ ichiga_ oladi. Ma’lumotlar 
uzatilishida axborot  birligi bitta tarmoq 


qurilmasidan boshqasiga yuboriladigan paket 
hisoblanadi. Tarmoq paketi, o‘z ichiga aniq 
metama’lumotlarni - tur, hajm, manba, 
yuboriluvchi nuqta va boshqalar kabi ma’ lumotlar 
olgan ba’zi ma’lumotlar segment _ sifatida 
ko‘rsatilishi mumkin. Paket muvaffaqiyatli 
jo‘natilishi yoki gqayta ishlanishi uchun fizik 
sathdan (L1 sath) tortib, ilova sathigacha (L7 sath) 
OSI modelini barcha sathlarida kompyuter 
tarmog‘i tomonidan muvofiq barcha harakatlar 
amalga oshirilishi lozim. Qabul giluvchi tarmoq 
tuguni, jo‘natuvchidan paketni odatdagi holatda 
muvaffaqiyatli qabul gqilgach, keyingi daraja 
uchun L7_ sathgacha har bir _ sathdan 
metama’lumot so‘raydi [19]. 
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Axborot xavfsizligi mutaxassislar birinchi 
navbatda trafik tahliliga quriladigan kompyuter 
tarmoqlari monitoring vositalaridan 
foydalanishadi. Tarmoq hujumining 
xususiyatlariga qarab, ma’lum bir hujumning 
harakatlari xususiyatlarini aniqlash uchun 
yondashuvlarning tasnifi ma’lumotlar uzatish 
protokolining ustuvor aniqlanishi bilan OSI 
modelida aniqlanishi mumkin. Hujumning 
murakkabligiga qarab aniglash uchun OSI modeli 
darajasida trafikni tahlil qilish chuqurligiga turli 
yondashuvlar qo‘llaniladi. Yondashuvlar uch 
darajaga bo‘linadi: chuqur (L1-L7), o‘rtacha (L1- 
LS) va sayoz tahlil (L1-L3), bular 2-rasmda aks 
ettirilgan. 


Amauiuit caTx > HTTP, FTP, SMTP 
TlakeTaapHuur Tepa 
Taxyimiim (Deep Packet 
JPEG, MPEG, MOV, Inspection, DPI) 
TakJMMOT caTx, HTML 
Ceanc caTx [> = Appletalk, Winsock 
Tpaucnopt catx > TCP, UDP, SPX 
TapMok caTx > IP, ICMP, IPX 
TlaxetaapHuHr 103aKu 
Kanan caTx, > Ethernet, MPLS, ATM taxa (Shallow 
Packet Inspection, SPI) 
Z Ethernet, Token ring, 
@u3uK caTx >| Sonet/SDH 


2-rasm. OSI modelining tarmogq trafigini 
tahlil gilish darajalari 

OSI modelining fizik, kanal va tarmoq 
sathlarini o‘zaro munosabati uchun bit oqimini 
uzatish/qabul gqilish, kanal freymi shakllanishi 
hamda ma’lumotlarni uzatish uchun  yo‘lni 
aniqlash funksiyalari mos ravishda ishlatiladi. OSI 
modelining tarmogq darajasi haqida gapirganda, bir 
nechta ruxsat protokoli (MAC — Media Access 
Control) [14], xatolik to‘g‘risida ma’lumotlarni 
uzatish protokoli (ICMP - Internet Control 
Message Protocol) [15] va marshrutizatorli 
protokol (IP -— Internet protokoli) orgqali 
ma’lumotlarni uzatish nazarda tutilgan. Azaldan, 
kompyuter tarmoqlar paydo bo‘lishi bilan, trafikni 
tahlillash vositalari paket sarlavhasini tahlil qilish 
hisobiga OSI modeli quyi sathlarida kiruvchi 
trafikni samarali filtrlash imkonini berdi. Paketlar 
sayoz tahlili tizim hisoblash resurslariga talablarni 
yugori bo‘lishini talab qilmaydi, shuning uchun bu 
texnologiya tarmoq qurilmalar va 
marshrutizatorlarda keng targaldi. Bu yondashuv 
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OSI modeli 
cheklangan. 

OSI modelining o‘rta sathlarida (transport 
va seans sathlari), paket ichida ma’lumotlar 
yaxlitligi masalasi yechiladi. Buning uchun 
quyidagi harakatlar bajarilishi mumkin: 

-uzatuvchi va qabul gqiluvchi tugunlar 
orasida ma’lumotlarni qayta tiklash; 

-ma’lumotlar —_uzatilishda 
aniqlash va tuzatish; 

- zarurat bo‘lganda dublikatlanagn 
paketlarni bartaraf etish va _ yetishganlarini 
to‘ldirish. 

Bu sathda ma’lumotlarni asosiy ko‘rinishi 
segmentlar va datagrammalardir. Bu_ sathda 
ma’lumotlar uzatilishini talab etilgan 
ishonchligiga qarab  tarmoq __ protokollari 
datagrammalar uzatilishiga bo‘linadi, ya’ni to‘liq 
(UDP-User Datagram Protocol) yoki paketning 
yo‘golishining oldini olingan segmental (TCP - 
Transmission Control Protocol). Paketlarni 
tahlilini chuqurligi bo‘yicha o‘rtacha tahlilga 
asoslangan trafikni tarmoq va transport sathida 
tahlili yondashuvlari statistik ma’lumotlar tahliliga 
asoslanadi [11]. Kirishni boshqarish ro‘yxatidan 
foydalanadigan (ACL - Access Control List) SPI 
dan farqli o‘laroq, [13], ma’lumotlar kiruvchi 
paketlar formati ko‘riladigan yakuniy IP 
manzillarga biriktirmaslik imkonini beruvchi 
terish ro‘yhati (parse list) ishlatiladi. Bu yechim 
Checkpoint©, Cisco, Symantec™, McAfee™ 
tarmoq qurilmalari va dasturiy mahsulotlarida 
qo‘llaniladi. Bu bilan bir vaqtda bu texnologiylarni 
qo‘llash baz’i kamchiliklarga ega: kanal kengligi 
o‘sishi bilan bu usullari har bir buyruq va protokol 
uchun alohida shlyuz talab qiladi bu yuqori tezlikli 
interfeyslarda go‘llanilishni juda qisqartiradi. 

Seans _ulanishlarini —_sinxronlashtirish 
yugori OSI modeli  sathlarida tavsiflangan. 
Mulogot seansi muvaffaqiyatli o‘matilgandan 
so‘ng (sessiya sathida), taqdimot sathida turli 
ilovalarda ulardan foydalanish uchun ma’lumotlar 
konvertatsiya qilinadi yoki ma’lumotlarni xavfsiz 
uzatish uchun shifrlash amalga oshiriladi. Eng 
yugori sath - ilova sathi yoki amaliy sath. 
Foydalanuvchi jarayonlarining o‘zaro munosabati 
tarmoq xizmatlaridan va boshqaruv 
ma’lumotlaridan foydalanish bilan bog‘liq. Yugori 
sathlarda ma’ lumot birligi xabar hisoblanadi, lekin 
uzatish protokollar — bu fayl uzatish protokoli 
(FTP), ma’lumotlar uzatish protokolidir (HTTP - 
gipermatn uzatish protokoli). OSI modelining 


L2-L3  sathlarini tahlillash bilan 


xatoliklarni 
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yugori sathlarida (L5-L7), chugqur trafik tahlili 
asoslangan (DPI) va yugori tezlikli yechim sinfiga 
tegishli yondashuvlardan foydalaniladi. 
Zamonaviy protsessorlarning hisoblash 
imkoniyatlari sababli imkonli bo‘lgan bu 
yechimlar noqonuniy  harakatlar predmetini 
tarmoq trafigini tez va aniq tahlili uchun DPI 
yondashuvidan foydalanish imkonini beradi. DPI 
texnologiyasi hozirda tarmoq xavfsizligi uchun 
umumiy qabul qilingan standart hisoblanadi. 
“Xizmat ko‘rsatishni rad etish” 
toifasidagi tarmog hujumlarini sinflashtirilish 

“Xizmat ko‘rsatishni rad etish” kabi 
tarmoq hujumlarini tashkil qilish tarmoq 
arxitekturasi va trafik tuzilishi bilan belgilanadi. 
Shunday qilib, ular OSI modeli sathlari va hujum 
obektlari bo‘yicha tasniflanadi. Hujum_ obekti 
sifatida tarmoqning eng zaif qismi tanlangan. OSI 
modelining tuzilishiga ko‘ra, turli darajalarda 
amalga oshirilgan hujumlarning 4 asosty sinflari 
ajratiladi. 

OSI modeli_ kanal = sathiga 
yo‘naltirilgan hujumlar - maqsadi 
to‘Idirishdir. _Ushbu darajadagi hujumlar 
buzg‘unchining muayyan harakatlari ketma- 
ketligi bo‘lib, ular ruxsatni buzishga olib keladi va 
natijada kanalning hajmini to‘lishiga olib keladi. 
Odatda, bu maqsad uchun, trafik nuqtai nazaridan 
ommaviy hujum foydalaniladi. 

OSI modelining tarmoq sathiga (L3) 
garatilgan hujumlar - bu hujumlarning magqsadi 
kompyuter tarmoqlari infratuzilmasi faoliyatini 
buzilishi hisoblanadi. Bu _ toifaga DDoS 
huyumlarning ko‘pchiligi kiradi. 

OSI modelining transport stahiga (L4) 
garatilgan hujumlar - hujumlarning magqsadi 
TCP-steki zaif  joylarini —_ ekspluatatsiyasi 
hisoblanadi. Bu ma’lumotlarni uzatish protokolida 
har biri yakuniy avtomat hisoblangan ulanishlar 
jadvali foydalaniladi. 

OSI modelining amaliy qatlamiga (L7) 
qaratilgan hujumlar — maqsad veb-resurslarni 
hisoblash_ imkoniyatlarini oshirishdir. Misol 
sifatida GET/POST/HTTP-flud hujumlar, hamda 
qabul qiluvchi tugunda mavjud hisoblash resursi 
tugamaguncha hujum qilinayotgan ma’lumotlar 
bazasidan, xotiradan yoki diskdan ma’lumot olish 
va qidirish tadbirlarini ko‘p marta qaytarishga 
yo‘naltirilgan hujumlarni keltirish mumkin. 

OSI modeli L2-L4 sathlarida “xizmat 
ko‘rsatishni rad etish” hujumlar turi 


(L2) 
kanalni 
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DDoS hujumlari quyidagi tarmoq fludlari 
deb nomlanuvchi turdagi hujumlarni o*z ichiga 
oladi: MAC-flud, TCP SYN-flud, UDP-flud, 
ICMP-flud. Flud mexanizmi faoliyati hujum 
qilingan aloqa kanaliga ko‘plab  paketlarni 
yuborishdir. Kiruvchi paketlarning ko‘payishi 
tufayli server ularni qayta ishlay olmasdan, 


hisoblash_ resurslarini sarflaydi va qonuniy 
foydalanuvchilarga kirish to‘xtatiladi. 
MAC flud 


MAC-flud tarmog qurilmalarining MAC- 
manzilini uzatish protokoliga asoslangan [14]. 
Hujum mexanizmi_ boshlang‘ich —_ulanishni 
o‘rnatish uchun kompyuter tarmog‘ining qabul 
qiluvchi tuguniga juda ko‘plab bo‘sh tarmoq 
paketlarini yuborishdan iborat. Ushbu_turdagi 
hujumlar OSI modelining L2 kanali sathida amalga 
oshiriladi. Har bir kiruvchi paket uchun qabul 
qiluvchi tarmoq qurilmasi ulanish o‘rnatiladigan 
qurilmadan ma’lumotlarni qabul qilish va qayta 


ishlash uchun ma’lum_ miqdorda __hisoblash 
resurslarini aniqlaydi. Ushbu —hujumning 
muvaffaqiyat me’zonlari tarmoq  uskunalari 


hisoblash resurslarini to‘ldirishdir, bu nafaqat 
tarmoq foydalanuvchanligini buzilishiga, balki 
OSI modelining yugqori sathlarida marshrutizatsiya 
jadvallarini buzilishga olib keladi. 


TCP SYN flud 

SYN-hujum mexanizmi paketlar 
sarlavhalarini mavjud bo‘lmagan 
IP-manzillar tizimida_ ko‘rsatiladigan _qilib 
almashtirishga asoslangan. - 


ie 
SYN ———> 
) 7 synack ? 


SYN» [“>9) SYNACK——> 2 
SYN ———_> joes 
SYN-ACK 
Attacker sYN ———> —_>> ? 
y SYN-ACK 


Legitimate 
client 

3-rasm. SYN fludi tarmoq hujumi 

SYN hujumlari birinchi navbatda ulanishni 
tasdiqlash, ogimlarni boshgarish va _ boshqalar 
uchun mas’ul bo‘lgan TCP transport protokolidan 
foydalanadi. TCP protokoli orqali ulanish “mijoz 
— server” ga o‘xshaydi, bu yerda mijoz SYN 
so‘rovini serverga yuboradi va __ serverni 
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tasdiqlaganidan so‘ng (SYN-ack) — ulanish 
faollashadi. SYN hujumi ushbu "mijoz-server" 
ulanishini o‘rnatishga to‘sqinlik qilishni maqsad 
qilib qo‘yadi, buning uchun — qonuniy 
foydalanuvchilar natijada DDoS hujumiga ega 
bo‘ladigan ulanishlar navbatini yaratib, ortiqcha 
miqdordagi paketlarni yo‘naltiradi. SYN 
hujumlari ikki barobar xavflidir, chunki ular bir 
vaqtning o‘zida ma’lumotlar uzatish kanalini 
to‘ldiradilar va hujum qilingan serverning ko‘plab 
resurslaridan foydalanadilar. 

UDP flud 

UDP (User Datagram Protocol’ - 
foydalanuvchi datagrammmasi protokoli) TCP- 
dan farqli o‘larog, ulanishni o‘rnatmasdan IP-ni 
yuborishning asosiy xususiyati bo‘lgan transport 
darajasidagi protokoldir. Barcha UDP paketlar 
jo‘natuvchi ma’lumotlarini o‘z ichiga olgan 
sarlavhalar bilan birga keladi, ya’ni protokol IP- 
datagrammalarni oldindan yuborilgan portlarning 
sarlavhasiga kiritilgan bo‘lib, paketni  olish 
imkonini beradi (4-rasm). 

UDP capnaBxacu 


16 Outi Kabyn KuIyBan 


16 Outi MaHOa NopTu 
TlopTu 


16 Outau UDP tiurungunn 
TeKIMMpHI 


16 Out UDP capsapxacu 


MasJryMoTap 


4-rasm. UDP paket sarlavhasi 

UDP-flud-bu DDoS hujumining bir turi 
bo‘lib, unda ko‘plab maxsus datagramma 
protokolli paketlar (UDP) ushbu qurilmaning 
paketlarni qayta ishlash va ularga javob berish - 
o‘tkazuvchanlik qobiliyatini tushirish maqsadida 
serverga yuboriladi. Shunday qilib, maqsadli 
serverni himoya qiluvchi xavfsizlik devori ham 
samarasiz bo‘lishi mumkin, natijada UDP-flud 
“hujumi” ogibatida qonuniy trafikka xizmat 
ko‘rsatish rad etilishiga olib keladi. 

ICMP fludi 

ICMP (Internet Control Message Protocol) 
tarmoq aloga muammolarini tashxislash uchun 
tarmoq qurilmalari tomonidan _ ishlatiladigan 
Internet - darajasidagi protokoldir. ICMP asosan 
tarmoq orgali uzatiladigan ma’lumotlarning o‘z 
vaqtida yakuniy maqsadiga erishganligini aniqlash 
uchun ishlatiladi. Odatda ICMP protokoli routerlar 
kabi tarmoq qurilmalarida ishlatiladi. 

ICMP protokoli faqat ma’lumotlarni 
uzatishda xato xabari yoki tarmoq uskunalari 


icpev__| 


Central Asian Journal of Education and Computer Sciences 
(CAJECS) Scientific Journal 


mavjud bo‘lmaganda ishlaydi, bu protokol paketni 
qayta yubormaydi, faqat xatolik va yuborilgan 
dastlabki paketni yo‘qotilgani to‘g‘risida xabar 
yuboradi. ICMP yordamida ikkita echo-xabar turi 
amalga oshirilishi mumkin: echo-so‘rov va echo- 
javob. Kompyuter yoki marshrutizatorni uning 
mavjudligi tekshirilishi kerak bo‘lgan tugunning 
IP-manzilini o‘z ichiga olgan echo-so‘rovini 
yuboradi. Agar tugunga echo-so‘rov kelib tushsa, 
u yuboruvchi tugunga echo-javobni hosil qiladi va 
yuboradi. Echo-so‘rov va_ echo-javob _ IP- 
paketlardagi tarmoq orqali uzatilganligi sababli, 
ularning muvaffaqiyatli yetkazib berilishi butun 
kompyuter tarmog‘i transport tizimining normal 
ishlashini anglatadi. 

ICMP-flud mexanizmi-echo — so‘rovlari 
bilan tarmoq qurilmasi to‘lishi nazarda tutiladi (5- 
rasm). Echo so‘rovi qayta ishlash va javob echo- 
javobini shakllantirishni talab qilganligi sababli, 
ko‘p sonli echo-so‘rovlarini qabul qilganda, tizim 
ularni qayta ishlashga qodir emas va tarmoq 
qurilmasi ishlamay qoladi hamda _ qonuniy 
foydalanuvchilarning kirishlari to‘xtaydi. 


5-rasm. ICMP-flud harakatlari tamoyili 

OSI modelning L7 sathlarida tarmoqdan 
“xizmat ko‘rsatishni rad etish” hujumlari 

OSI modelining amaliy sathidagi keng 
tarqalgan tarmoqg hujumlari dastur zaifliklaridan 
yoki_ veb-serverlardan foydalanishni magqsad 
qiladi. Bundan tashqari, ularni aniqlash juda qiyin, 
chunki ular kiruvchi trafikning katta o‘sishiga olib 
kelmaydi (odatda soniyada 1 ming paketgacha). 
Shuning uchun bunday hujumlarni standart 
analizatorlar bilan kuzatib borish mumkin emas. 
Bunday hujumlarning tamoyili serverdan yuqori 
quvvat sarfini talab  qiladigan murakkab 
so‘rovlarni tuzish yoki chiquvchi trafikni tanqidiy 
qiymatlarga oshirishdir. Shuning uchun, ko‘pincha 
L7 darajasiga hujumlar ko‘chkiga o‘xshash 
xossaga ega. 

HTTP(S)-flud 
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Ushbu darajadagi hujumlarning eng keng 
tarqalgan turt HTTP(s) protokolidan foydalanish 
yordamida amalga oshiriladigan hujumlardir, 
chunki veb - saytlar bilan asosiy mijoz-server 
aloqgasi u bilan amalga oshiriladi. 


HTTP(S) dan _ foydalanib  amalga 
oshiriladigan hujumlari ko‘pincha Botnet-Internet 
tarmog‘iga ulangan kompyuterlar guruhini 


ishlatish bilan amalga oshirilgan, keng miqyosli 
hujumlardir, bu odatda Trojan Horses kabi zararli 
dasturlardan foydalanadi. 

HTTP(S) _ protokolidan _—foydalangan 
hujumlar so‘rovlarning asosiy usullari bo‘yicha 
quyidagi so‘rovlarga ajraladi: GET (6-rasm) va 
POST (7-rasm) [13]. 

HTTP GET so‘rovi veb-saytdan biron-bir 
ma’lumotni taqdim etishni talab giladigan usuldir. 
Bu fayl, skript, rasm yoki sayt sahifasi bo‘lishi 
mumkin. HTTP GET-flud-bu serverga kuchli 
so‘rovlar oqimini yuborishni magqsad qilgan 
hujum, bu esa resurslarni to‘ldirishga va natijada 
xizmatni rad etishga olib keladi. Ko‘pgina hollarda 


so‘rovlar serverning saytning eng og‘ir 
elementlarini olib tashlashni talab qiladigan tarzda 
ishlab chiqilgan. 
= ©) 
T | 


6-rasm. Ilova sathi hujumi HTTP GET 
flud 

HTTP POST so‘rovi keyinchalik qayta 
ishlash yoki saqlash uchun serverga xabar tanasida 
ma’lumotlarni uzatadigan usul _hisoblanadi. 
Odatda POST usulidan fayllarni to‘ldirilgan veb- 
shakllarni taqdim etish serveriga yuklash yoki 
dinamik ravishda yaratilgan resurslarga kirish 
uchun ishlatiladi. HTTP POST-flud hujumi, 
odatda, serverdan masalan, ma’lumotlar bazasida 
elementlarni qidirish kabi vaqt talab qiladigan 
qayta ishlash talab qiladi. Shunday qilib, ushbu 
turdagi hujum har bir so‘rov uchun server yukini 
oshiradi. 
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7-rasm. Ilova sathi HTTP POST flud 
hujumi 

HTTPS protokoli bo‘yicha huyumlar xuddi 
shu tarzda amalga oshiriladi. Bu holatda shifrlash 
buzg‘unchiga go‘l keladi, chunki trafikni tahlil 
qilish uchun, bundan oldin uni parolini hal qilish 
kerak. Qo‘shimcha dasturiy ta’minot va apparat 
modullari bo‘lmasa, bu serverga yanada ko‘proq 
yuklama olib kelishi mumkin. 

Hujum server yoki ilovani har bir so‘rovga 
javoban cheklangan miqdordagi resurslardan 
foydalanishga majbur qilganda samaraliroq 
hisoblanadi. Shunday qilib, buzg‘unchi odatda 
serverni yoki ilovani qayta ishlashda eng qiyin 
bo‘lgan so‘rovlar bilan yuklashga intiladi. Shuning 
uchun POST so‘rovlarini ishlatib, HTTP flud 
buzg‘unchiv nuqtai-nazaridan eng ko‘p talab 
qilinadigan resursdir, chunki POST so‘rovlari 
server tomonidagi murakkab ishlov _ berishni 
boshlaydigan parametrlarni o‘z ichiga olishi 
mumkin. Shu sababli, ushbu hujumni amalga 
oshirish uchun botlarning katta “armiyasi” ga ega 
bo‘lish shart emas. Boshga tomondan, HTTP GET 
hujumlarini yaratish osonroq va ular miqyosi 
yanada samarali bo‘ladi. 

DNS flud 

DNS flud - bu buzg‘unchining nishoni bir 
yoki bir nechta domen nomlari serverlari (DNS - 
Domain Name System) bo‘lgan hujum turidir 
Tarmoqdagi ushbu server "Katalog"  sifatida 
ishlaydi va trafikni kerakli joyga yo‘naltiradi. 
DNS -server ishlamay qolganda, ushbu DNS -dan 
foydalanadigan tarmoq segmenti veb-resurslarga 
kirishni yo‘qotishi mumkin. 
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DNS ga hujumlar orasida oddiy DNS-flud 
hujumi bo‘lgan DNS nxdomain flood va DNS 
amplification hujumini ta’kidlash kerak. 

DNS -flood nosimmetrik turdagi hujumdir. 
Bu buyruq fayli tomonidan ishlab chiqarilgan 
UDP so‘rovlar oqimi yordamida server tomonida 
resurslarni tugatishga qaratilgan. Odatda bir 
nechta botnet mashinalari yordamida amalga 
oshiriladi. DNS-serverga hujum qilish - UDP 
protokoliga hujum gqilish imkoniyati  sifatida 
qaralishi mumkin, chunki DNS-serverlar nomlarni 
ruxsati uchun ushbu protokoldan foydalanadi. 
UDP-ga asoslangan so‘rovlar (TCP so‘rovlaridan 
farqli o‘laroq) bilan to‘liq ulanish hech qachon 
o‘rnatilmaydi va shuning uchun spoofingdan 
foydalanish mumkin bo‘ladi. 

DNS  serveriga hujum = gqilish uchun 
buzg‘unchi odatda soxta ma’lumotlar bilan 
paketlarni yuboradigan skriptni ishga tushiradi. 
DNS-flood kabi amaliy darajadagi hujumlar 
so‘rovni bajarish uchun javob bermasligi sababli, 
buzg‘unchi aniq yoki hatto to‘g‘ri bo‘lmagan 
paketlarni yuborishi mumkin. Buzg‘unchi as! IP- 
manzilni o‘z ichiga olgan paketning har qanday 
maydonini o‘zgartirishi mumkin, buning 
natijasida hujum bir nechta manbalardan amalga 
oshiriladi. Tasodifiy paketli ma’lumotlar, 
shuningdek, jinoyatchilarga DDoS hujumlaridan 
himoya qilishning umumiy mexanizmlaridan 
qochishga yordam beradi. 

DNS hujumlarining yana bir keng 
targalgan turi NXDOMAIN DNS hujumidir, unda 
buzg‘unchi DNS serverini mavjud bo‘lmagan yoki 
noto‘g‘ri manzillarga bo‘lgan so‘rovlar bilan 
to‘Idiradi. Serverning barcha resurslari ushbu 
yozuvlarni gidirish uchun sarflanadi hamda kesh 
soxta so‘rovlar bilan to‘ldiriladi va natijada server 
qonuniy so‘rovlarga xizmat qilish uchun 
resurslarga ega bo‘Imaydi. [6]. 


—— robb.mydomain.com ——> 
— joffrey.mydomain.com —+» 


—— tyrion.mydomain.com —» 


— cersei.mydomain com —> 


Bot tapmMoru —— jaime.mydomain.com —+» oe —§}-——_+ Bakonatan DNS 
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8-rasm. Ilova sathh NXDOMAIN flud hujumi 


e DDoS hujumlarining keng tarqalgan 
turlari DNS-server so‘rovlarini aks ettirish yoki 
DNS amplifikatsiya [18] ga asoslangan hujumdir. 
Ushbu hujum ko‘pincha buzg‘unchilar tomonidan 
DDoS hujumlarini amalga oshirish vositasi 
sifatida ishlatiladi, uning maqsadi boshqa 
resursdir. DNS hujumida buzg‘unchi ko‘p sonli 
DNS so‘rovlarini amalga oshiradi. U [P-manzilini 
qurbonning server manziliga o‘zgartiradi va 
internetdagi ochiq DNS serverlariga DNS 
so‘rovlarini yuboradi. DNS-server ma’lumotlari 
maqsadli serverga katta miqdordagi va so‘rovlar 
hajmidan oshib ketadigan javoblarni qaytarib 
yuboradi. Juda kichik DNS so‘rovlari juda ko‘p 
sonli DNS javoblariga, ya’ni yugori yuklamaga 
olib kelishi mumkin. Shunday qilib, o‘lja server 
juda ko‘p kiruvchi trafik bilan bostiriladi. DNS 
so‘rovlari va javoblari 100% normal bo‘lganligi 
sababli, bu hujum chuqur paketli tekshirish 
texnologiyalari tmonodan kamdan-kam hollarda 
aniqlanadi. 

e Yugori tarmoqli kengligi botnetining 
osonlik bilan mavjudligi tufayli, buzg‘unchilar 
endi yirik tashkilotlarga hujum qilishlari mumkin. 
Bunday hujumlarga javoban, ba’zi ildiz DNS 
serverlari va yugori darajali serverlar (TLD) 
Anycast IP-manzili orgali takrorlanadi. Vazifa 
DNS ma’lumotlarini ma’lumotlar uchun vakolat 
iyerarxiyasidan ajratish [70] hisoblanadi. Bu 
amalga oshirilgach, ma’lumotlarni tarqatish 
infratuzilmasini juda ishonchli qilish va hujum 
paytida ma’lumotlarning mavjudligini ta’minlash 
uchun bir nechta mexanizmlardan foydalanish 
mumkin. Xavfsiz tarmogni loyihalashda mumkin 
bo‘lgan yondashuvlar spektri juda_ keng: 
markazlashtirilgan ma’lumotlarni taqsimlashdan 
bir toifadagi tarmoqqa asoslangan ma’lumotlarni 
tarqatishgacha. 

e DHCP -server ga “xizmat ko‘rsatishda 
rad etish” toifasidagi hujum 

e DHCP (Dynamic Host Configuration 
Protocol) - tarmoqdagi ip-manzillarni targatishni 
tez, avtomatik va markazlashtirilgan holda 
boshqarish uchun ishlatiladigan _protokoldir. 
DHCP shuningdek, to‘g‘ri subnet maskasini, 
standart shlyuzni va DNS server ma’lumotlarini 
sozlash uchun ishlatiladi. Jarayon quyidagicha 
amalga oshiriladi: qurilma yogilgan Ova DHCP 
server bilan tarmoqgqa  ulangan  bo'‘lsa, 
DHCPDISCOVER  so‘rovi deb  nomlangan 
serverga so‘rov yuboradi. DISCOVER paketi 
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DHCP serveriga yetib borgach, server qurilmadan 
foydalanishi mumkin bo‘lgan [P-manzilni ushlab 
turishga harakat qiladi va keyin m4uozga 
DHCPOFFER paketi bilan manzilni taklif qiladi. 
Maxsus IP-manzilga ega bo‘lgan taklif yetkazib 
berilganda, qurilma DHCP serveriga 
DHCPREQUEST paketi bilan ushbu IP-manzilni 
qabul qilish uchun javob beradi, undan so‘ng 
server qurilmaning ushbu IP-manzilga ega 
ekanligini tasdiqlash uchun ishlatiladigan ACK 
paketini yuboradi va qurilma yangi mahsulotni 
olishdan oldin maxsus manzilni ishlatishi mumkin 
bo‘lgan vaqt oralig‘ini aniqlaydi. Aks holda, agar 
server qurilmaning ma’lum bir IP-manziliga bo‘la 
olmasligini belgilasa, rad etish bilan NACK 
paketini yuboradi. 

e DHCP Starvation DHCP 
qilingan hujum DHCP - serverlari uchun 
mo‘ljallangan hujum_ bo‘lib, DHCP - server 
tomonidan ajratilishi mumkin bo‘lgan barcha 
mavjud IP - manzillarni yo‘q qilish uchun 
buzg‘unchi tomonidan soxta DHCP so‘rovlarini 
keltirib chiqaradi. Ushbu hujumning bir gismi 
sifatida tarmogqning qonuniy foydalanuvchilari 
xizmatdan voz kechishlari mumkin. 

e DHCP Starvation hujumida, buzg‘unchi 
ko‘plab DHCP REQUEST xabarlarini 
o‘zgartirilgan asl MAC manzillari bilan efirga 
uzatadi. Agar server DHCP so‘rovining noto‘g‘ri 
xabarlariga javob bera boshlasa, server sohasidagi 
mavjud [P-manzillar juda qisqa vaqt ichida 
tugaydi. 

e DHCP serverida mavjud bo‘lgan IP - 
manzillar soni tugaganidan so‘ng, tarmoq 
hujumchilari DHCP serverini kiritishlari va 
sozlashlari hamda DHCP tarmoq mijozlaridan 
yangi DHCP so‘rovlariga javob _ berishlari 
mumkin. DHCP-serverni o‘rnatish — orgali 
buzg‘unchilar DHCP-Spoofing hujumini amalga 
oshirishi mumkin. 

e FTP-serveriga “xizmat ko‘rsatishda rad 
etish” toifasidagi hujum 

e FIP (File Transfer Protocol) - TCP/IP 
protokollari stekiga kiritilgan tarmoq_ orqali 
fayllarni uzatish uchun mijoz-server protokolidir. 
Ushbu protokol mijoz va server o‘rtasida ikkita 
aloga kanalidan foydalanadi: ulanishni boshqarish 
uchun buyruq kanali va fayl tarkibini uzatish 
uchun ma’lumot uzatish kanali. Mijozlar faylni 
yuklab olishni so‘rab, serverlarga ulanishlarni 
boshlashadi. FIP-dan  foydalanib, miujoz 


serveriga 
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serverdagi fayllarni yangilash, yuklab  olish, 
o‘chirish, qayta nomlash, ko‘chirish va nusxalash 
mumkin. 

e FTP protokoli TCP ning “go‘l siqish 
tizim1” dan foydalanadi va shu bilan ma’lumot 
yoki xato xabarini yetkazib berishni kafolatlaydi. 
Natijada, FTP serveriga DDoS hujumlari tarmoq 
darajasidagi TCP hujumiga olib keladi. 

e “Xizmat  ko‘rsatishda rad _ etish” 
toifasidagi tarmoq hujumlariga qarshi kurashish 
usullari tahlili 

e Kompyuter tarmog‘i  xavfsizligini 
ta’minlash uchun an’anaviy texnik va dasturiy 
vositalar, masalan, xavfsizlik devorlari, hujumni 
aniqlash tizimlari tarmoq hujumlariga qarshi 
turishning muhim tarkibiy qismidir, ammo 
ularning  samaradorligi ko‘pincha tarmoq 
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hujumlarining ko‘p turlari tufayli kam samarali 
hisobalnadi. Dunyo bo‘ylab DDoS hujumlarini 
aniqlash va ularga qgarshi himoya uchun yangi 
usullar o‘rganilmoqda va ishlab chiqilmoqda. 

e Tarqatilgan tarmog hujumlariga garshi 
kurashish usullari uch guruhga bo‘linishi mumkin: 

e birinchi guruh — statistik usullar. Asosiy 
vazifa tarmog trafigini miqdorty tahlil qilishdir; 


e ikkinchi guruh — signatura_ usullari. 
Statistik usullardan farqli o‘larog, signatura 
yondashuvida tarmoq trafigining sifat 


ko‘rsatkichlari baholanadi; 

e uchinchi guruh - o‘qitish algoritmlari 
yoki sun’iy neyron tarmoqlari texnologiyasi 
yordamida qurilgan usullar. Bunday  usullar 
statistik va signatura yondashuvlarini 
birlashtirishga imkon beradi. 
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NUMERICAL SIMULATION OF TURBULENT GAS FLOW WITH COMBUSTION 
REACTIONS 
M.M. Hamdamov', Z.Z.Shirinov’ 
' PhD, Institute of Mechanics and Seismic Stability of Structures of the Academy of 
Sciences of the Republic of Uzbekistan, Tashkent, Uzbekistan 
PhD Student, Institute of Mechanics and Seismic Stability of Structures of the Academy 
of Sciences of the Republic of Uzbekistan, Tashkent, Uzbekistan 
E-mail: mmhamdamov @ mail.ru, 

Abstract: In this work, numerical methods are given for solving the problems of distribution and 
combustion of methane and an oxidizer a finite velocity in a turbulent flow. In the mathematical 
modeling of the jet flow, the full equations of the turbulent boundary composition of a multicomponent 
reacting gas are used. The process of one-stage irreversible combustion is described by the Arrhenius 
model with constants extracted in the work of C.A.Frolov and recorded. The flow turbulence is described 
by Sekundov v,—92 equations. Methane is considered as a fuel, air was supplied with a co-current flow. 
The number of component conservation equations has been reduced with the use of ordinary and reduced 
Schwab-Zel'dovich functions. Numerical calculations were carried out in dimensionless Mises variables. 
The used implicit finite-difference scheme provided the second order of approximation accuracy in 
longitudinal and transverse coordinates. Due to the nonlinearity of the differential equations of substance 
conservation, internal (in terms of speed) and external (in terms of other indicators) iterative processes 
were organized. Some results of the computational experiment are presented. The calculation results for 
the temperature change on the flow axis are compared with the experimental data. 

Keywords: mathematical model, turbulent jet, chemical reaction rate, total enthalpy, Arrhenius 
law, finite differences, numerical algorithm, computational experiment, combustion processes, turbulent 
model, Zeldovich function, chemical reaction, k-< model, mass, velocity, temperature. 

AnnHotayna: B padote IpHBeyeHbl YHCICHHbIeC MeTObI PeLIeHHA 3aay paciipocTpaHeHuA u 
TOpeHHA MeTaHa UH OKHCIINTeIA C KOHCUHOM CKOPOCTbIO B TypOyJIeHTHOM MoToKe. IIpu MaremaTH4ecKOM 
MOJ{CIMpOBAHHU CTpyHHOrO TeYeHHA HCTIOMb3YIOTCA MOHbIC ypaBHeHHA TypOyIeHTHOTO rpaHH4Horo 
cocTaBa MHOFOKOMIOHeHTHOrO pearupyromlero raza. IIpouecc ofHoctaquiinoro HeoOpaTumMoro 
TOpeHHA OMMChIBAaeTCA MOeNbIO AppeHuyca C KOHCTaHTaMH, H3BJICUeHHBIMH B padote C.A.DposoBa u 
3allMCaHHbIMH. TypOyjeHTHOCTb TOTOKa OMMCbIBaeTCA ypaBHeHHamu CekyHyoBa v,-92. B Ka4uecTBe 
TOIJIMBa paCCMaTpMBaeTCA MeTaH, BO3HYX MOMaBaIcd MpAMOTOKOM. KoyimuecTBo ypaBHeHHli 
COxpaHeHHA KOMIOHCHT YMCHbINeHO 3a C4eT HCIOUb30OBAaHHA OOBIYHBIX HM MIpHBeeCHHBIX PyHKuUMi 
IBa6a-3enbyqoBu4a. UncieHHbIe pacueTbI TpoBOAMIMCh B Oe3spa3MepHbIX TepeMeHHBEIX Mauseca. 
VUcnomp3yemad HeaBHad pa3HOCTHad Cxema ObecrieunBasla BTOPO MOpAAOK TOUHOCTH allmpokKcuMalHu 
I10 IIPOOJIbHBIM HM TOMepedHbIM KoopyMHatTam. B custy HeMHeHOCTH WudmepenuMasIbHBIX ypaBHeHHit 
COxpaHeHHA BeLecTBa OBI OpraHH30BaHbl BHYTpeHHue (0 ObicTpoyeicTBuIO) H BHeHHe (0 
PYIMM OKa3aTeyIaM) UTepalMoHHbEIe mpoueccet. IIpuBeqeHbl HeKOTOpbIe pe3yJIbTaTbI 
BBIMMCIIMTeEIbHOrO SKCHepHMeHtTa. PesybTaTbl pacueTa H3MeHeCHHA TeMIepaTypbl Ha OCH TOTOKa 
CpaBHMBaloTCA C SKCIEPHMCHTAJIBHBIMU JJAHHbIMH. 

Kur04ueBbie CI0Ba: MaTeMaTH4eCKad MOJeJIb, TypOyIeHTHad CTpysA, CKOpOCTb XHMM4eCKO! 
peakWMu, NOUHad SHTaIbuMA, 3aKOH AppeHyca, KOHeCYHBIC pa3HOCTH, YHCJICHHBIM aJIrOpuTM, 
BBIYHCIMTCIBHbIM IKCIICPHMeHT, MpoOuecchl ropeHua, TypOyIeHTHad MOjJeub, PyHKUMA 3eubAOBMUA, 
XHMHYeCKad peakUHA, k—-eMOJ{CJIb, MaCCa, CKOPOCTb, TeMIlepatypa. 


Introduction 

Combustion is a physical and chemical 
process, which is a chemical oxidation reaction, 
accompanied by the release of heat and a bright 
glow. In the world, jet streams of reacting media 
are widely used in everyday life, in the production 
of thermal and electrical energy, in internal 
combustion chambers, in chemical lasers, in the 


www.cajecs.com 


production of mercury and building materials, in 
rocket engine power plants, and in many other 
branches of technology and__ production. 
Depending on the purpose of the organization and 
the design of gas combustion devices, various 
problems of facility management arise. In 
particular, the gas component in the global energy 
balance is about 70%. Despite the constant 
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improvement in the performance of gas 
combustion devices, their efficiency is still very 
low. 

The main problems in the mathematical 
modeling of combustion processes relate to the 
description of the turbulence of the flow and the 
kinetics of the combustion process. Let us dwell on 
the description of the turbulence of the flow of 
reacting media. 

The choice of the dissipation rate of 
turbulent energy as the second independent 
variable for describing the properties of turbulence 
is very convenient, since, on the one hand, it is 
possible to obtain a constitutive equation for it 
under fairly clear physical assumptions, and, on 
the other hand, this quantity is included in the 
constitutive equation for the energy of turbulent 
pulsations. The family of these models is called 
k-e turbulence models, with the help of which 
individual problems of isothermal jets and jets of 
reacting gas mixtures are currently solved [1, 2]. 

The most general analysis of the combustion 
of unmixed gases was carried out by Ya.B. 
Zeldovich [3]. One of the first serious attempts to 
construct a theory of a turbulent plume belongs to 
Schwab [4], who was the first to develop a general 
scheme of the process from the standpoint of the 
theory of free jets. Subsequently, diffusion 
combustion was studied by the authors of [5] and 
others. 

The flame theory based on the assumption of 
the generality of the transport mechanism in 
turbulent jets and in a burning flame is described 
in [6]. The results of computational-theoretical and 
experimental studies of the aerodynamics of an 
axisymmetric turbulent plume are presented, 
which make it possible to determine the location 
of the flame front, the distribution of temperature, 
concentrations and velocity in the cross sections of 
the flame. A quantitative assessment and a 
physical explanation are given for such facts 
known from experiment as an increase in the 
degree of turbulence in the flame front, and the 
difference from unity in the values of the Pr and Sc 
numbers in shear flows. The paper [7] describes a 
technique and presents some results of a numerical 
solution of the problem of a turbulent diffusion 
plume, taking into account the finite reaction rate. 
Numerical integration of the system of equations 
of the boundary layer was carried out in the Mises- 
Mager-Libby plane and using an explicit four- 
point finite difference scheme. The momentum 
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equation is linearized. Despite these assumptions, 
the calculation results agree satisfactorily with the 
experimental data. 

In [8], a mathematical model was developed 
that makes it possible to calculate the 
characteristics of a turbulent diffusion flame 
propagating in an isobaric subsonic flow. It is 
assumed that a single-stage irreversible reaction 
occurs between the oxidizer and the fuel entering 
the flame front. In contrast to the known models of 
diffusion combustion, the assumption of an 
infinitely high rate of chemical reactions is not 
used. In this regard, along with the equation for the 
average flow velocity and the concentration of the 
passive impurity, the equation for the average fuel 
concentration is considered. The rate of a chemical 
reaction @ assumed to be proportional to the 
product of the fuel concentration C,, oxidant 


concentration C, and average flow velocity across 
the flame % (oo Cc e-), which makes it 
possible to substantially simplify the integration of 
the equations. The system of equations is solved as 
follows: self-similar solutions of equations are 
determined that describe the field of average 
velocity and passive impurity concentration, each 
of which is closed. When solving these equations, 
the coefficient of turbulent viscosity is assumed to 
be constant. Within the framework of the 
developed model, the position of the flame front is 
determined, as well as the distribution of 
temperature, the concentration of reactants in the 
diffusion flame. 

The paper [9] provides an overview of the 
latest achievements in the field of research on 
chemical reactions in turbulent flow. Two limiting 
cases are considered - combustion of a 
homogeneous mixture and diffusion combustion. 
It is shown that the assumption of an infinitely high 
rate of a chemical reaction makes it possible to 
substantially simplify the description of the 
combustion process. Calculation methods are 
analyzed that make it possible to take into account 
small deviations of the medium from _ the 
thermodynamically equilibrium state. It is 
emphasized that such calculations are especially 
important when predicting the concentration of 
toxic agents (nitrogen oxide, soot) in a flame. The 
influence of heat release on the flow field, in 
particular, on the characteristics of turbulence, is 
also considered. Particular attention is paid to the 
effects associated with density fluctuations. Based 
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on the analysis performed, it was concluded that 
the models developed to describe flows with a 
constant density may be unacceptable for 
calculating turbulent combustion. 

When considering the efficient combustion 
of gaseous fuel, one should take into account the 
results of studies of a swirling jet, which are 
successfully used in the national economy as one 
of the rational ways to intensify the processes of 
mixing and combustion. 

In [10], the spatial integration method was 
used to solve the equations describing the 
axisymmetric incompressible turbulent swirling 
jet flow. The k-e model with isotropic turbulent 
viscosity is applied. In addition to the distribution 
of average velocities, such turbulence 
characteristics as Reynolds stress, turbulent kinetic 
energy, and dissipation rate are determined. Good 
agreement with experimental data is obtained. It is 
shown that the assumption of isotropic turbulent 
viscosity is quite justified. 

The article [11] provides an overview of the 
work of the Institute of Technical Mechanics of the 
National Academician of Ukraine and the State 
Space Agency of Ukraine on gas-phase and 
heterogeneous reactions and phase transitions and 
aspects of their application. 

In [12], an algorithm and a computer 
program were developed for calculating 
compressible turbulent reacting flows by the 
combined method of large eddies with the closure 
of subgrid turbulent flows using the filtered joint 
velocity probability density function and scalar 
variables (Large Eddy Simulation / Velocity- 
Scalar-Mass-Filtered Density Function , 
LES/VSMFDEF). The complex has been tested for 
the problems of an isothermal non-stationary 
mixing layer, a mixing layer with chemical 
reactions, and an air flow around a square cylinder. 
The results obtained are in good agreement with 
data from the DNS, LES/Smagorinski Subgrid 
model, and LES/SSM. 

An analysis of the scientific literature [1-12] 
shows that the processes of homogeneous 
combustion of gases, the main component of 
which is methane, have not yet been studied 
enough. Due to the imperfection of the 
fundamental foundations of chemical exothermic 
reactions under conditions of a turbulent jet flow, 
scientific work in this area continues. 

Formulation of the problem 


18 
www.cajecs.com 


VOLUME 1, ISSUE 1, FEBRUARY 2022 


A turbulent jet of combustible gas is 
considered, which flows out of a round nozzle with 
a diameter of 2a and propagates in a co-current 
flow (in a flooded space) of an oxidizer at a finite 
chemical velocity. 

The velocity distribution in the outlet section 
of the nozzle and in the co-flow, as well as the 
initial (at x=0) distributions of temperature and 
concentration of fuel and oxidizer, will be 
considered given, uniform, homogeneous, and 
there is also a tangential discontinuity of indicators 
at the nozzle boundary. 

Mathematical model and solution 
method 

In the approximation of the theory of a 
turbulent boundary layer, the system of equations 
for the turbulent motion of a multicomponent gas 
in the presence of a chemical reaction, i.e. 
combustion, between the components and when 
the Lewis number for the components is equal to ( 
Le, =1, 1.€. Pr =Sc, ), can be written in cylindrical 


coordinates, taking into account the Sekundov 
v,-92 model [13-16]: 


wey areal wry rt) 
me Ox Or ror - ory’ 
fa) 
(pur) rr O(pgr) _ 0, 
Ox or 
Tica aoe : = wry r=) 
a Ox a Or Prror a er J 
Oc, Oc 1 oa 1 Oc 
ny Ke] ot + aey+ =1..N A 
Ox e Or Ser ate v,}r a | mete ) 
Ov, Ov, 10 Ov 
£4+ o09—=P—-D,+ + lt 
OY ex OP Op . "r Or [orl ov.) or } 
10 
+ 


fa) 
== rl vt(c, ¢)v,)) a 


(1) 
This system is closed by the following 
dependencies: 


Cc 


pn-n 


It 


Ld 
+ pc,F,A,N,(v +v,)? G2 + 


N 
H=c,T +c,h,, c, = De 


n=l n=l 


R N 
0 
» P=p—T=const, m= yim, 1c, 
m 
4 2 


P, = peck, co a AVG} 


Co 
pes 5 +N} 
pev,G, Ou Ou (pov, (Mid, +V, 9) +¢PF VY, ) 
D, = + 4PV, 5 ; 
Asy or |or d~ 
pa Nid t04ey py _ x +134 40.2, 
V.+CVtV,,— 2 7? -1.37+4+1 
(cop ev _| 
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V, Ou Ou 
X — —, G, = | — > 2 = | 5 
7v or or 
ae OV, _ ON, 
17 ? oe ; 
or or 
Vv, =0, k, =0, A, =-0.5, A, =4, cy =0.8, ¢, =1.6, c, =0.1, c, =4.0. 
c, = 0.35, c, =3.5, ¢, = 2.9, c, =31.5, c, =0.1, c, =0.1, ay, =0.2. 


Here and further u, v — average longitudinal 
and radial components of the velocity vector 
(mst) ; x,r — longitudinal and radial 
coordinates (m); p, T — density (kg/m?) and 
absolute temperature (K) of the gas mixture; p — 
static pressure (Pa); Pr, Sc, — turbulent analogues 


of the Prandtl and Schmidt numbers; C,, — mass 


concentration 7 -th gas component in the mixture 
(kg/kg); @, — mass extinction formation rate n— 


N 
th gas component kg/m?s; a= Yee 


pn-n 


and C,, 
n=l 


— heat capacity of the gas mixture and n- th 
component at constant pressure J/kg *K; h, — 


calorific value n- th component J/kg; v 
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Methane is considered as a combustible gas. 
The one-stage methane combustion kinetics in air 
is given by the stoichiometric equation 
CH,+20, >CO,+2H,O+h,. 
Indexes 1, 2, 3, 4 and 5 highlight the 
parameters of the components - oxygen, methane, 
carbon dioxide, water vapor and _ nitrogen, 
respectively. According to this entry, the molar 
masses of the components are m, = 32g/ 
mol,mz = 16g/mol,m3 = 44g/mol,m, = 
18g/mol,m; = 28g/mol, 
v, =5 mol, V2 = 1mol, V3 = 3mol,v, = 
4mol,v; = Omol. Net calorific value of methane 
— 50.2 MJ/kg. 
Then, according to [18-19], the reaction rate 
of methane with oxygen has the form: 
oO so p' exe - “2 ui 
> 10”-4.18687 |? T )| mel 
At the same time, for the remaining 
components, the rate of chemical transformations 
in the dimensional form is represented as 


yim, V3, 


kinematic turbulence coefficient (m?/s); H — 
total enthalpy of gas (j/). 

The gas mixture is assumed to be perfect, 
therefore its state satisfies the Mendeleev- 
Clapeyron equation [17-19]: 

p= pRI'/m, (2) 


-1 
N 
where m -(> é, im, and m, — molar 


n=l 
masses of the gas mixture and n- th gas 
component (kg/mol); R, — universal gas 
constant(8341.41] /mol - K). 
The boundary conditions of the problem for 
the input section x =O are given as: 
F,at the cut of the pipe 
FOE) = ee satellite ae 
Here F =u, T, c,, V,. The value of the total 
enthalpy for the inlet section is determined 
according to the above formula. 
At x>Q0, no flow conditions are specified 
on the jet axis: 
OF (x,0) 
oy 
and at the jet boundary, according to the F, 


= 0, v(x,0)=0, 


values of the co-current. 
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, @,=0 (v; =0). 


Von, 
Conservation equation 7” - th component ( 
n=1..5) is written as 


L{(c,)=@, 


n? 


V,m, Vom, 


OCn 
Ox 


where L(C,,) = pu—* + 


1 Oo OCn 
ax SCar dr (over an), 

The boundary conditions of the problem for 
the mass concentration of components for the inlet 
section x=0 are given in the following form: 

Atle r= ac, (0. 7) = (6,5 
AtO<r<n:c,(0,r) = (cy)43 

In particular, if methane is 50% by mass in 
the composition of the combustible mixture, and 
oxygen is 50%, then you can _ take 
(c,), = 0,500, (c,), = 0,500. The composition of 


the air is taken as (c, ), = 0,232, (c, ), = 0,768 [19]. 
In this case, the remaining concentrations of 


components at the input of the computational 
domain have zero values: 
(c3), =(cs), 


(cr), =(¢s), =(¢s), (cs), =0. 


At x>0O symmetry conditions are set on the 
Ocy(x,0) 
a 


OCn 


jet axis: = 0, and at the jet boundary - 
according to the air flow indicators: and at the 
boundary of the jet - according to the indicators of 
the air flow: c,(x,7,) = (Cy)1- 

By virtue of ignoring thermal and 
barodiffusion, as well as the same values of the 
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turbulent analogue of the Schmidt number for the 
components, the convective and diffusion transfers 
of the components have the same intensity. In this 
regard, and taking into account the combustion 
kinetics, we write the conservation equations for 
five ae in the form 


vm, 


_ vm 
a,,L(c,)=-++ 
v,m, 


@,, L(c,)=0. 
Ny 


L(c,) =0,, Le) =~“ @,, Le.) = 
VoM 


Using te first of these equations, we reduce 
the following three equations to a homogeneous 


form: 
vm, vm vm 

L| c,-——*c, |=0, L| c, + 4c, |=0, L) c, + +c, |=0. 
vim, vm, Vem, ~ 


At n=1,3,4 we introduce the notation 


m 
“—"C, (the top sign refers to n=1, 
Vom, 


and the bottom— n=3,4), write equations in a 
single form L(c,) =0 and formulate the boundary 
conditions for the air flow at the inlet in the form 


(€.),=(c,), # (0), for fuel flow — 
ee) 


=(6), FE 
vV,m, 


“(c,),, as well as on the 
2 


(C,)> 


boundary and axis of the jet. 


If we introduce relatively redundant 
functions in the form of dependence 
= C= (ec 
a £0 , then for the transformed three 


as 


equations and the concentration equation C; = C; 


= (ei 


inert gas, the boundary conditions become the 
same: at the fuel inlet — (c,) = , at the air inlet 
2, 


and at the boundary layer boundary — (¢, 9, and 


on the jet axis — one = 0. Accordingly, these 
equations become mutually equivalent and can be 
replaced by a single equation for C. In this regard, 
instead of five equations of the diffusion problem, 


we solve the equation for C without source term 
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and equation for fuel concentration c, considering 
the rate of a chemical reaction. 

Reverse transition from relatively excessive 
concentration C to mass concentrations of 


components C, at n=1,3,4 carried out according 


to the formula 


“ ws Toe vm, 

c, =[(,),-(,), ]C+@,), + 
mM, 2 
and at n=5 — according to the formula 


Cs = 5 = (€),|C +(€5),. 

The process of combustion of gaseous fuel is 
carried out at relatively low speeds relative to the 
speed of sound. Therefore, the kinetic energy of 
the gas can be neglected. Then, a substitution 
similar to that introduced for the concentration can 
also be used for the total enthalpy, which leads to 
the normalization of the total enthalpy [17-18] 
H-H, = 
oe 
H a3 AH 1 


Cy, 


H = 


Here 
A, =(c,) 7, +(c,), A» H, =(c,) 7, +(c,), Ay 
In this case, the value of the temperature of 
the mixture is calculated by the formula 


T=(H-c,h)/c, =| A, +(H,-H,) 


coh | ae : 


The value of the density of the gas mixture 
necessary for further calculations is found by the 
formula 
a ee 

N 
Rr c, /m, 
n=l 

We passed to dimensionless variables and 
Mises variables. We passed to dimensionless 


p= 


variables using the characteristic quantities 
Gy Uys Ps! 
= x _ Ts Uu 
X=-,7r=-,U=-—, 
a a U2 
7 45 Ga5 Ga - N = _N 
p=, Rea "9 G = ae 5 = 27 N= 1, N,= 20 
P2 v uy : Uy Uy Uy 


For example, the equation for the conservation and transfer of fuel takes the form: 


Oc, 1 


Oc, 
Pu, —= + P,PUu,V 
fe 


where dimension @, translated into SI. 
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When passing to dimensionless variables, both sides of the equation are divided by Pocttoc 
a 


Therefore, the source term takes the form: 
a a Ap. 2. 3 2 | A ap. 2, <3 #2) 
QO, = Cap ex = C,OP exp} — ; 
pt, ? pt, 10-4868 OT 10° 4.1868" ue PLT 
As aresult, we get 
= 06; 06, 1 @ af 1 7 |r a. a4 [ 42 
L— + py — = —- 4, |F — |= ALG 6p exp|=—— |. 
OO OR Or Seror|’\Re ') oF | “2% ~'\ 7 
Here we introduced the notation: 
A ap. 3.00- 4.1868 -10* 
A, A204 WOOD oat r2 
10” -4.1868° u,,. 8341.41 
The turbulence equation is written in full form 
Ov, Ov lo Ov 1o OV 
u + p9—t=P -D,+-—| pr(v +e, )— |+-—|pr(-v +(¢,-c Jv, or 
e Ox e Or 2 or : me) ema (4,~%) 5, 
— - Vv __OV, _-~OV, 
2+ pp,9u,— = pail —+ p39 2. 


4 1 1 2— 
a eS _— = —( J _\se- _ _ 
F,| v.G,+ AVG} |+ pc, FAN, [= + r,| °G? + Pc.V, ou 
Re Or 


t 


+8} 


[per (Rd, +7.) PF a7 


> 2) PCV, 72 ——| Ou 
, =a OV, 2 | u _ \OViu,a 
Ppu;| pu— + pF — |= p,u;(P,-D,)+——| p,pra| 2— + cu,av, | 
or a R ra 
eee 7ap,p\ -——+(c,—c, )u,av, rigs 
ra a Se elit OF 


V, 


Otherwise, taking into account 7, = 
au 


2 


, in each term a dimensionless factor is formed p,u;: 


of OV, , _- OV, ots nx ,10/f 1 2 OV | flee Peet - se 
++ p3 — |= p,u,| P,—-D,+ p + A+ p + 
[ Ox 0 | ae 3 2 “(x af =. | sal [ Re (< 


Reducing by p,u;, we get 
mat + 69, JO pnd . ee c 
or) Far Re 


Thus, the differential equations take the form: 
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+ =0, 
Ox Or 

ap OH, og OH _ 1 8 a( +e pt 
og oF Pre oF| "(Re)" oF |’ 

= a o (3) 
__0C, _-~0¢ I, bie: Ee. es eee 7 
pu = + pd a sr 2| (= +7} 22 |- Anclee exp(—A,, /T), 
pi ng ee pee pr : ait, | bly 

a Or r Or 


In closing relations, we pass to dimensionless variables as follows. We _ have 


= Rre Ry T. 
P=Pp = P2 2 
m (m), 


From here we find the expression for density: p = 


We transform the conditions for the required ones. 


At ¥ =0 and O<7F <1 wehave:u=1, H=l, c, ae 
0 


At ¥=0, 721 andat¥>0, 7 oF: a=, H=0, c, =(c¢,),- 
U, 
: On = 0H é 
On the jet axis at x > 0: 20. 2=0, —=0, fn — 
Or r or 


A feature of the problem under consideration __it is expedient to describe the process in von Mises 
is that the flow propagates along the axis x from coordinates and introduce the stream function YW 
left to right and there are no boundary conditions according to the relations [16-19]: 
in the right part of the flow region, since they do 
not affect the propagation processes. Accordingly, 


O O 
pur=yw—, por =—y 
or Ox 
(hereinafter, we omit the sign of non- The derivatives in the equations are replaced 


dimensionality in equations and relations). The according to the dependencies: 
formally introduced second coordinate is €& = x. 
OO :0E ‘ O Oy oO 
ax O&€ dx Ow dx O€ Ow dx O& wp dw 
0_00& 0 dy_ 6 dy _pur 6 
Or 0€ Or Ow Or Ow Or w dw 
In this case, the dimensionless equation of The left sides of the equations are 
conservation of the total mass is uniquely satisfied. transformed into 


2 dy 2 por d 


Be a ee. ae oy yw oy 0€ 
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The components of the right sides of the equations are transformed as 
10 0 x 0 [ L +y,| a 0 
——| pr— |=-—— pu — — r— pu— |= 
Forl’ Or ay ay" \ Re : rae Oy 


2 2, 
-Ln Z| (Ly peo |-a 22 ur w+] 
y ow Re yoyw| yw oyvL yw oy 


The value of the transverse coordinate process of discretization of equations 


and 


required for the calculation is found by the formula conditions. The differential equations for the 


v, wdy ; conservation of substances take the form: 
re 2[-— , what we will return to in the 


) pul 
St du oe ce) ae 
0& wow y oy | 
OH __1_ 8 | pur’(v+v,) oH 
0g Pry ow y Oy | 
2 2 ag 2. =2 
a. Bee A oe 
g¢ Scy ow Vv oy u 


Ov, P D1 6 El 1 | 
= + + CoV, + 
0¢ pu pu yoy! y Vv 


pe =( : +(¢, coy, | 222} 
yw Ow|w\ Re yw ow 


7 Hit (Hy -H,) A ~ eh __ mf, 
= » p= ; 
C, (m),T 
2 pur Ou _ pur Ou _ | pur Ov, 7 pur ON,| 
‘ly ow? * | w ew?! jw awl * lw ew 


4 2 


a) ve 1 1 41 2.2.2 2 
P= pe, Fk, [vs Ams | peoBAn (e+ | 2G? «pew 2 “* id +N, |. 


yo ow 
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N.d,,+ +c, pF, — 

pc?» purc,pv,( du | du [pew ( 14 V0) CyPry Re » 

D,=—>-G, + + : : 
a, y Ow |ow d 

At the entrance & = 0 the following conditions are imposed on the computational domain: 


AtO<¥<1: @=1, H=1, c, =(c,),,¥, =0.007. 


Atl<y<y,: u=u, H =0, C, =(c,), V, = 0.005. 


At € > 0 wehave at y =0: ou -0, cH 4 Gry, oY, _o, 


c) 


ow ow dy ow 
Aty>y,:4=i%, H=0, c,=(c,),,V, =0.005. 


Transition to discrete variables 
We write the equations in a single form: 


wu_1 4 xn, oY) 5 
0& dywoy\ © dy 
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2 —2 
U =c,: 6,=Se, f,=A,— es exp(-A,,/T). 


On the right side of the equations, 7” — the square of the dimensionless radial coordinate. We 
calculate it with the second order of accuracy 


2 2 

= 2 Yj, -ViA 

i) =(".4) +2 mo P= 
Peja + Lye i,j 


This is the formula for 7- section; s — 


of the previous section. To reduce the entries and 
iteration sequence number for 1 - th section. For 


the amount of calculations, we first calculate 
i—1- th section. r’ calculated according to the data 


2 = N? 
K, = (7.1) me (v, +(v,),.) > 


2 
where /, ; =|) /hy. 
At j=0 accepted K,, =0 and 7, =0. 
We approximate the equations for a fictitious node (i+0.5, j) with the second order of accuracy 
in both coordinates: 
Le as 1 
ea | i-l,j s+l s+l s+l s+l 
ee |S i PR ae KOK ale, =U + 
h, 46, jh, I( oJ sl J )- (K; Ja )( ) 


i,j i,j-l 


+ (Kis jas +K.. i )(U 


i-1,j-l 


i ce Su i-l,j 
yj (felt tid, 


i-1,j+1 =U 45)? (Keay )+ Ky Lj (Ura cs 2 


Multiply both sides of the equation by 46, ih, and we give similar terms with the selection of terms 
with elements of the previous time section: 


(eR) NU (Rt OK Ree go 0 Rak 0 


i,j-l — 
—26, jh, (ie i, = (Kia jas +K,_ Ne ace + (Kia jas cle 2K,_ ij + Ki 1,j-1 -46, j/o)U,, 


(Ki + Ki js )U 4,4 - 26, iby (Sy) 


i-1,j? 
Where o = h, / hy . Let us introduce the notation: 


a) = Ki,.4+Ki,, = 


a; i,j+l Koj pr hie 1? 
bY) =a) +c) +46, jlo, d\”) =-26, jh, (fy): 
U 
g = ie + Ky pe) Onis -(K,, jt K_ -1,j- 0, lj i+ 
(Kyat 2K + Kinja 40,5 OU 4, os Ge ae 
As aresult, the finite difference equation takes the form: 
Mu —bM us +My, =d?) +20), 
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If we assume that the values of the 


coefficients are known a and f'") in 


UF 1 
of the sweep coefficients we obtain the formulas: 


Selection gi 


= a""/U;, + B\"), then to calculate the values 


requires additional computer 


memory, but at the same time, in the process of 
successive approximation, it significantly reduces 
the amount (time) of calculations and makes it 


possible to use a larger step in ¢ . 
The implementation of boundary conditions 
Ov 
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the dimensionless coordinate fr data were 
presented with a constant step of 0.02. 


qu? er (U) 
j-l 


(23 J p= 
j (U) ane (U)? Fi (UU) 
: bj 4c; bj 
On fig. 1 shows isotherms in the field of 
intense heat and mass transfer, which were 


obtained with a=0.05m™. 


sani 
(U) 
an J 


100 


is carried out in the usual mode. 


ov, P, D, n 1 oO al 1 
0&§ pu pu pwow| wp \Re 

In the second group, the approximation of 
equations and the sweep process are similar to 
those used in the first group. 

The calculation for a fixed section consisted 
of three stages. In the first stage, the components 
of the finite difference equations were calculated 
with the exponents of the previous section: 


o (..) : 
age Regen Bs and organized a _ zero 


approximation. The other two stages represented 
iterative processes in terms of speed and other 
indicators. The stage of the iterative process in 
terms of speed includes the calculations 
hag Bi, 3g), running process and checking the 
fulfillment of the 


m ur 1 
max Uu; i 


approximation condition 


<é, iterative process by (m 


u 


i=0,1,...Ny 
is the iteration number). If the condition is not met, 
then the iterative process in speed continues. If the 
condition is met, then the transition to the second 
stage is carried out, where the turbulence, fuel 
concentration and total enthalpy indicators for the 
next approximation are determined by the sweep 
method and the approximation in terms of total 
enthalpy and density is checked. If the condition 
for the total enthalpy and density is not met, then 
the calculations for the speed are resumed (the 
second stage) and the third stage is repeated. 
Results 

Calculations were carried out in accordance 
with the above. The mass composition of air was 
given as (c,), =0.232, (c,), = 0.768: The main flow 


rate was 61 m/c, and co-current — 18.3 m/c. Air 
temperature — 7, =300K , and combustible mixture 
— T,=300K. Step of numerical integration over x — 
was equal to 0.001, on y — 0.02. When passing to 


d 1 0 
+ 
y| yoy 


100 


200 300 400 500 600 x/a 
300-400 400-500 500-600 1600-700 
900-1000 1000-1100 M 1100-1200 @ 1200-1300 1300-1400 @ 1400-1500 


@ 1500-1600 0 1600-1700 1700-1800 M 1800-1900 & 1900-2000 0 2000-2100 
Fig.1. Isotherms in the field of intense heat 
and mass transfer at a =0.05.u 


700-800 800-900 


Near the nozzle, the highest temperature is 
reached at a certain distance from the axis. 
Nonmonotonic behavior of isotherms up to 
x/ax60 shows that the line of the highest 
temperature in the cross section first moves away 
from the jet axis. Reaching 1690 K at r/az=5, 
x/a~60, it moves towards the flow axis and after 
x/a~84 the maximum temperature in the section 
coincides with the axial temperature. Further, the 
axial temperature increases and at x/a~698 
reaches 2052 K . After that, the highest temperature 


in the cross section, i.e. axial temperature 
decreases. At the end of the conditional section 
H,,=0.01 on the jet axis the temperature is 


~ 761K. (fig.1.). 


ae) 


Fig.2. Comparison of the calculation of the 
axial excess temperature with the experiment [5]: 

Calculations have shown that in the initial 
section the maximum temperature will not be on 
the flow axis. At a=0.001 m™ the largest radial 
coordinate of the highest temperature (690 K) in 
the section r/a~2.6 observed at x/a~14. The 


combination of the highest and axial temperatures 
(at 867 K) occurs at x/a~30. The highest 
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temperature in the calculation area is 1134 K, and 
the axial temperature at the end of the conditional 
flame (at H,., - 0,01) equal to 756 K. 


2300 4 


Tos, Tmax 


1900 


1500 + 


1100 + 


700 


—-—1—2-—-3——4—-—5 —6 
300 


0 ) 400 | 300 | £60 | 408 | 06 | Bi ae 700 
Fig. 3. Curves of the largest (dotted) and 
axial (solid) temperature values along the 


dimensionless length of the torch at various 
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radii of the fuel nozzle: 1, 2 — 0.05 m; 3, 4 — 
0.01 m; 5, 6—0.001 m 

Note that each calculation was repeated in 
the Ansys Fluent 6.3 program code and the results 
of two calculations were compared. Ansys Fluent 
is a powerful tool for streamlining the design and 
engineering process in the field of computational 
fluid and gas dynamics. In Fluent, it is possible to 
simulate the combustion process in furnaces, 
taking into account turbulence, heat and mass 
transfer, chemical reaction, and flow swirl. A 
typical field of mass concentrations of components 
was obtained using two programs. On fig. 4 they 
were compared with x/a=5. 


0,25 


—Pacuer ¢ Ansys Fluent 


ec: (v/a) 


c3(r/a) 


—Pacuet ¢ Ansys Fluent 
. 


~~~ pacer ¢ Ansys Fluent 


ed(r/a) 


——Pacuet e Ansys Fluent 


Fig. 4. Graphs of mass concentrations of components at 


x/la=5 

If at x/a=1 the initial jet is expanded by about 
one and a half times, then at x/a=5 (fig. 4) —up 
to three times. The highest concentrations of 
combustion products are formed first at the jet 
boundary, and then they move away from the flow 
axis. Molecular nitrogen, which makes up the bulk 
of the air, gradually penetrates towards the axis of 
the jet. 

The concentration of combustible gas 
decreases in the graphs, both due to the expansion 
of the distribution area, and due to the reaction 
with oxygen. 

Conclusions 

Methods for introducing the Schwab- 
Zel'dovich functions and _ relatively excess 
enthalpy are shown for the case of turbulent 
combustion of methane in a co-current air flow 
with a finite velocity flowing out of the nozzle. A 
numerical method based on_finite-difference 
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schemes is proposed for solving the problem of the 
propagation of an axisymmetric fuel jet in a co- 
current air flow in von Mises variables using the 
Sekundov v,-92 turbulence model. 

For the numerical solution of the problem, 
an approximation scheme of the second order of 
accuracy in both coordinates was used, which 
gives a more accurate picture of the object and the 
physical essence of the combustion process. An 
algorithm and a calculation program with internal 
and external iterations for the longitudinal velocity 
and other indicators of heat and mass transfer 
processes have been developed. Based on the 
results of the computational experiment and 
comparison with field experiments, it was revealed 
that with an increase in the concentration of fuel in 
the composition of the main flow mixture, 
expansion and elongation of the flame front are 
observed. 
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Annotation. This article analyzes the structure of the optical communication network of a small 
city and considers the integration of traditional telephone networks with new generation converged 
networks during its modernization. This allows users to meet the needs of modern telecommunications 
services and create highly reliable communication networks. It involves the use of PON (Passive Optical 
Network) technology. The structure of PON technology in different topologies has been analyzed and 
the reliability of the selected topology has been evaluated. 

Keywords: Urban optical network reliability, topology, model, graph theory, OLT (optical line 
terminal) 

AnnoTayna. B anol cTaTbe aHasIM3upyeTca CTpyKTypa CeTH ONTHYeCcKON CcBaA3H HeOObIIOTO 
ropoyla HW paccMaTpuBaeTcA HHTerpalluA TpagMUMOHHBIX TesIeOHHBIX CeTeli C KOHBeEpreHTHbIMH CeTAMU 
HOBOrO TOKOJICHHA TIpH ee MOJePHH3alWH. OTO MO3BONIAeCT MOJb3OBATEIAM YOBJICTBOPAT 
IOTpeOHOCTH COBPeMeCHHBIX TeJIEKOMMYHHKAUMOHHBIX YCIYr HW CO31aBaTb BbICOKOHAexKHbIC CeTH 
cBa3H. OH mpesqnonaraeT Mciouwb30BaHHe TexHomorMH PON (maccuBHaad orlTH4ecKasd ceTb). 
I[poaHanu3upoBaHa CTpyKTypa TexHosloruH PON B pa3HBbIX TONOJIOrMAX MH OWeCHeHa Hayjex*KHOCTb 
BbIOpaHHOH TOMONOTHH. 

Kunouesbie copa: HayexHocTb ropoycKoH onTHYecKOH CeTH, TOMOJOrMA, MOelIb, Teopusa 
rpados, ciuMTTep, KaHas cBa3u, OLT (TepMunan onTH4ecKoH JIMHHN). 

Annotatsiya. Ushbu maqolada kichik shahar optik aloga tarmog ‘ining tuzilishi tahlil qilinib, uning 
modernizatsiyasida an'anaviy telefon tarmoqlarini keyingi avlod konvergent tarmoqlari bilan 
birlashtirish o‘rganilgan. Bu bilan foydalanuvchilarning zamonaviy telekommunikatsiya xizmatlariga 
bo'lgan ehtiyojlarini qondirish mumkinligi hamda ishonchliligi yugori bo‘lgan aloga tarmoqlarini tashkil 
qilish mumkinligi keltirilgan. Bunda PON (passiv optik tarmoq) texnologiyasidan foydalanish ko‘zda 
tutilgan. PON texnologiyasining turli topologiyalardagi tuzilishi tahlil qilingan hamda tanlangan 
topologiyaning ishonchliligini baholash amalga oshirilgan. 

Kalit so‘zlar: Shahar optik aloga tarmog‘i ishonchliligi, topologiya, model, graflar nazariyasi, 
splitter, aloqa kanali, OLT (optical line terminal). 


Optik aloqa tarmoqlari aloga_liniyalari, 
terminal va tranzit kommutatsiya tugunlari, 


Buning uchun barqaror faoliyat 
ko‘rsatishning zamonaviy standartlari talablariga 


uzatish tizimlari va boshqa jihozlardan iborat 
bo'lib, ularning har biri o'z ko'rsatkichlari bilan 
farqlanadi. Bular  ishonchlilik, foydalanish 
muddati uzoqliligi — _kabi bir — qancha 
ko‘rsatkichlardir. Bunday ob'ektlar uchun butun 
tarmoqning ishlashi nugtai nazaridan axborotni 
yetkazib berish yo'llari mavjudligi ehtimoli, 
tarmoq elementlarining ishonchlilik 
ko‘rsatkichlari hamda  tarmogqning _ tizimli 
ishonchliligini ham hisobga olish lozim [1, 2]. 

Tadgigot ishida kichik shahar aholisining 
optik aloga tarmog‘i va yangi telekommunikatsiya 
xizmatlariga bo'lgan ehtiyojlarini gondiradigan 
taxminan 140 ming kishilik aloga tarmog'ining 
tarkibiy ishonchliligini ko'rib chiqamiz. 


www.cajecs.com 


javob beruvchi shahar PON tarmoq tuzilmasini 
aniqlash va uning ishonchlilik ko‘rsatkichlarini 
tadqiq qilish lozim. 

Aloga tarmog'ining tuzilishi deganda ushbu 
tarmogqning kommutatsiya markazlari 
(tugunlari)ning o'zaro bog'lanishini belgilaydigan, 
tarmog elementlarining joylashuvidan qat'iy nazar, 
u orgqali xabar oqimlarini tarqatish imkoniyatini 
ta'minlaydigan xususiyat tushuniladi [3,10]. 

Ma'lumki aloqa  tarmog‘i _ ob’ektlari 
taqsimlangan ob'ektlar bo‘lib ular uchun 
ishonchlilikni tahlil qilish uchun qulay matematik 
apparat ishlatiladi, ya’ni tasodifiy graf modeli 
qo‘llaniladi. Bu model uchun elementlarning 
holatlari, undagi grafikning qirralari yoki uchlari 
statistik jihatdan mustaqil deb hisoblanadi. Shu 
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tartibda tuzilgan model 

elementlarini ishonchlilik 

aniqlash mumkin [4]. 
Ma’lum bir hududda har qanday aloqa 


asosida _tarmoq 
ko‘rsatkichlarini 


tarmog'ini qurishda o‘sha hudud  yagona 
telekommunikatsiya tarmog'iga _ birlashgan 
ekanligini hisobga olib, aloqa tarmog'ining 


strukturaviy ishonchliligini baholash uchun graf 
modelidan foydalanish taklif etiladi. Bunda graf 
modeli tarkibiy qismlarining zarur koeffitsientlari 
tegishli tarmoq elementlarining mavjudligi model 
koeffitsientlari hisoblanadi. Bunday holda passiv 


optik alogqa tarmog'ining konstruktiv 
ishonchlilikning xususiyatlari ya’ni  tasodifiy 
grafikning ulanish — ko'rsatkichlari, butun 


grafikning bog'lanish ehtimoli, tanlangan nuqta 
(elementlar) juftligining ulanish — ehtimolli, 
grafikdagi ulanishlar sonining matematik kutilishi 
va boshqalar quyidagicha tavsiflanishi mumkin 
EAE 

- barcha tarmoq tugunlari o'rtasida bir 
vaqtning o'zida ulanishning mavjudligi ehtimoli; 

- belgilangan juft tugunlarni bog'laydigan 
yo'llar to'plamidan ish holatida kamida_bitta 
liniyaning mavjudligi ehtimoli; 

- tarmoqdagi ulanishlar sonini matematik 
kutilishi (tugunlar va aloqa lintyalari) ko‘rib 
chiqiladi. 

O'rganilayotgan shahar uchun PON tarmoq 
tuzilmasinining topologiyasi va  qurilmalarini 


tanlash. 
Shahar passiv = optik ~— tarmog‘idagi 
kutilayotgan yuklama, tarmoq _ ishonchliligi 


talablari va boshqalarga asoslangan topologiyalar 
kombinatsiyasidan foydalaniladi. PON  uchta 
asosiy topologiya ("daraxt", "yulduz", "shina") va 
ularning kombinatsiyasi asosida qurilishi mumkin 
[6, 9]. 

“Daraxt” topologiyasida daraxt  singari 
tarmogning ildizi, shoxlari va barglari mavjud. 
Passiv optik tarmog‘idagi "ildiz" bu OLT (optical 
line terminal — optik aloga tugun terminali) passiv 
optik tarmoq ma’lumotlar oqimi portidir, (optical 
network units - optik tarmoq birliklari) ONUlar 
esa daraxt "barglar" vazifasini bajaradi. OLT dan 
ONUgacha yotgqizilgan optik kabellarni "filiallar" 
deb hisoblash mumkin. Bitta OLT asosida har biri 
64 tagacha abonentga mo‘ljallangan 4 ta daraxt 
barpo etish mumkin. 

Daraxt topologiyasi bo‘yicha  so‘z 
yuritilganda daraxtlar har xil, ammo _ ularning 
barchasini taxminan 2 turga bo'lish mumkin: 
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"yolg'iz o'sadigan daraxt" va "zich o‘sadigan 
daraxtlar". Birinchi turdagi daraxtlar geografik 
jihatdan bir-biridan mustaqil bo'lgan bo'linish 
tugunlaridan foydalanadi ya'ni daraxt 
boshgalaridan alohida o'sadi. Ikkinchisi, aslida, 
to‘rttasi bir daraxt bo'lib, uning ildizi, shoxlari va 
bo'linish tugunlari bir-birining ustiga qo'yilgan va 
geografik jihatdan bir xil nuqtani yoki liniyani 
ifodalaydi. 1-rasmda_ birinchi turdagi daraxt 
ko'rsatilgan ("yolg'iz o'sadigan"). Ushbu turdagi 
topologiyani qurishning ko'plab _ variantlari 
mavjud, ammo tuzilishining soddaligi uchun FTTx 
ni eslatuvchi holat ko'rsatilgan. Provayder dastlab 
optik aloga tugun terminalini bir tomondan OLT 
PON portiga, ikkinchi tomondan magistral kabel 
asosida 1x8 splitter ulaydi. Zarur bo'lganda, 
magistral kabel uziladi, undan bitta tola shoxlanadi 
va payvandlanadi. Ushbu ajratib olingan tola 
bo‘yicha undan 8 ta abonent uchun "filial" 
tashkillashtirilish boshlanadi. Qolgan tolalar esa 
yana ishga tushiriladi. Asosiy magistraldan har bir 
shoxcha "pastki daraxt" bo'lib, 1x8 bo'linuvchi 
yoki 1x2 va 1x4 bo'linuvchi kombinatsiyasi 
yordamida amalga oshiriladi. 
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l-rasm. Birinchi turdagi daraxtsimon 
topologiyaning  passiv optik — tarmog‘ida 


qo‘llanilishi 

Birinchi turdagi daraxtning asosty afzalligi - 
tarmogni qurish jarayonini tushunish qulayligi 
bo‘lib. Asosiy kamchilik tarmoq topologiyasini 
amalga oshirishning soddaligi asnosida tolani 
tejashda kriteriyadan oshib ketishidir: bunda bitta 
OLT nazorati ostidagi 256 ta abonent uchun 
tarmogq qurishda 4 ta mustaqil ko'p tolali magistral 
kabellaridan foydalaniladi. 

Ikkinchi turdagi daraxtlar ("zich o’sadigan 
daraxtli") tuzilishi jihatidan ancha murakkab. 
Darhaqigat, bu daraxt turi passiv tarmoqlarni 
qurish uchun klassik hisoblanadi. Klassik passiv 
optik tarmog‘i daraxtini kichik aholi punktlarida 
yoki qurilish = ==zichligi yuqori  bo'lgan 
mikrorayonlarda va geografik jihatdan yaqin joyda 
joylashgan ko'plab potensial abonentlarga qo‘llash 
qulay. 
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"Klassik daraxt" tipidagi kelajak 
tarmog'ining topologiyasini qurishda muhandis- 
konstruktorning  asosiy — vazifasi __ bo'linish 
tugunlarining joylashishini tanlashdir. Buning 
sababi shundaki, oxirgi (abonent) bo'linuvchi 
tugungacha passiv daraxt "zich o’sadigan daraxt" 
bo'lib qoladi, uning tanasi va shoxlari to'rtta tolali 
optik kabeldan iborat. Turar-joy maydonini 
kvadratlarga bo'lish va har bir kvadratning 
o'rtasiga 1xM ajratgich (splitter)ni o'rnatish orqali 
bunday passiv tarmogni loyihalash qulay. Bu esa 
ushbu kvadrat ichida M yo'nalishlarida signal 
tashishni ta'minlaydi (2-rasm). 


<Sy 


1x4 tekis bo'linuvchilardan 


2-rasm_—- 
foydalangan holda "klassik daraxtli" tipdagi PON 
topologiyasini loyihalash uchun kvadrat uyali usul 
ko‘rinishi. 


Tarmogning bitta kabelida N mustaqil daraxt 
(bu yerda N to'rtga karra) bilan ifodalanadi. To'rtga 
karralilik OLT ning 4 ta PON portiga ega 
bo'lganligi bilan bog'liq bo'lib, ularning har biri 64 
abonentdan iborat daraxtni boshqarishga qodir. 
Agar rejalashtirilgan ulanishlar 256 yoki undan 
kam bo'lsa, unda bitta OLT o'rnatiladi va "zich 
o’sadigan daraxt" 4 tolali kabelda quriladi, agar 
256 tadan ko'proq rejalashtirilgan ulanishlar 
mavjud bo'lsa, tarmoqni boshqarish uchun ko'proq 
liniya terminallari ishlatiladi. 

"Yulduz" tipidagi topologiya, aslida, 
birinchi turdagi qayta rivojlantirilgan daraxtga 
o’xshash topologiyadir. Bunda bir tomonida oz 
sonli tolalar bo'lgan uzun magistral kabel OLT 
ning PON portiga ulanadi, boshqa tomondan esa u 
katta hajmli (1x64 yoki 1x32) splitter bo'luvchi 
bilan tugaydi (3-rasm). 
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3-rasm — Passiv optik tarmogqning yulduz 
topologiyasi bo‘yicha tuzilishi 
Ushbu topologiyada abonentlarga signal 
yetkazib berish ikki usulda amalga oshirilishi 
mumkin. Birinchi usul - tolalarni bir yo'nalishda 
tashish uchun ajratuvchi simlarning bir qismini 


ko'p tolali kabelga "birlashtirish" (masalan, 
ajratgichdan bir oz masofada joylashgan xususiy 
splitter guruhi) bilan amalga _ oshiriladi. 


Belgilangan hududga yetib kelgandan so'ng, 
tolalar to'g'ridan-to'g'ri abonentlarning uylarigacha 
yotqiziladi va ular ONUga ulanadi. Ikkinchi usul 
oddiyroq: ajratgichning chiqishlari tashqi abonent 
patch kabeliga ulanadi, u darhol ajratuvchi 
blokdan to'g'ridan-to'g'ri abonent terminaliga 
yetkaziladi. 

Yulduzli ulanishning ikkinchi usuli, agar 
ko'p miqdordagi abonentlar ajratgichdan qisqa 
masofada joylashgan bo'lsa va uydagi har bir 
abonent uchun abonent patch kabellarini yotqizish 
mumkin bo’lganda foydalanish uchun qulaydir. 
"Yulduz" ning afzalliklari faqat kichik hududda 
abonent zichligi yuqori bo'lgan taqdirda o'zini 
namoyon qiladi. Boshga hollarda, "daraxt" yoki 


"shina" topologiyalaridan foydalanish qulay 
hisoblandi. 
Tadgiqot ob’ekti bo‘lgan Xorazm 


viloyatining hududlarida bir yoki bir nechta 
parallel uzun ko'chalar bo'lgan kichik aholi 
punktlari mavjud. Bunday aholi punktlarida daraxt 
va yulduzni joylashtirish maqsadga muvofigq emas. 
Bunday hududlarda "shina" topologiyasidan 
foydalanish qulay. 

PON tarmoglaridagi "shina" bitta tolaga 
chigish signallari kuchining foiziga ega bo'lgan 
1x2 ko’rinishdagi payvandlangan ajratgichlar 
kaskadi yordamida joylashtiriladi. Bunday holda, 
birinchi bo'linuvchining kirishi OLT ning PON 
portiga ulanadi va kaskadning qolgan qismi 
"linlyaga yuqgori quvvat" tamoyili bo'yicha 
quriladi, ya'ni katta chiqish signali quvvati ulanadi. 

Birogq, amaliyot shuni ko'rsatadiki, bitta aniq 
abonent uchun bitta filial qilish noqulay. 
Birinchidan, magistral tolasidagi qo'shimchalar 
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soni ortadi, bu signal sifatini pasaytiradi, ayniqsa 
kaskadning oxirgi qismlarida bu aniq nomoyon 
bo‘ladi. Ikkinchidan, yangi abonentni mavjud 
kaskadning markaziga ulashning murakkabligi 
oshadi. Ya’ni abonent ONU qurilmasi yoqilganda, 
payvandlash ishlari amalga oshiriladi, bu esa quyi 
oqim kaskadidagi abonentlar uchun ulanishning 
yetishmasligiga olib keladi. Bundan_tashqari, 
umumiy liniyani signal yo‘qotish nisbiyligi 
buziladi, bu kaskaddagi oxirgi abonentlarning 
signal sifatiga salbiy ta'sir ko'rsatadi. 

Ushbu) muammoga chiqish nisbati 1x2 
ko’rinishidagi payvandlangan —_ajratgichlarni 
chiqish signali kuchining foiz nisbati bilan va 1x2, 
1x4 hamda 1x8 planar bo'linmalarni birlashtirish 
orqali yechim topish mumkin (4-rasm). 


4-rasm. "Shina" tipidagi passiv optik tarmoq 
topologiyasi tuzilishi 

Bunda shina topologiyasi saqlanib qoladi, 
lekin signal bir abonentga emas, balki planar 
ajratgichdan 200 metr va undan ortiq radiusda 
joylashishi mumkin bo‘lgan abonentlar guruhiga 
tarmoqlanadi. 

Bundan tashqari, “shina” tipidagi topologiya 
aholi punktlaridagi ko‘chalar abonentlar soni 
bo‘yicha yetarlicha sig‘imga ega bo‘lgan va shu 
bilan birga yetarlicha uzunlikga ega bo‘lgan 
hollarda foydalanish uchun qulaydir. Bunda OLT 
bosh stansiyasiga yaqinroq bo‘lgan abonentlarga 
bitta shina (bitta tolali va bitta OLT PON-porti), 
uzoqroqdagilariga esa boshqa shina xizmat 
ko‘rsatadi [6]. 

Umumiy holda, mantiqiy yechim halqa 
topologiyasiga asoslangan aralash topologiyadan 
foydalanish hisoblanadi, bunda  markazda 
joylashgan OLT kommutator  funktsiyasini 
bajaradi. Bunday sxema tarmogq ishonchliligining 
yugori ko'rsatkichlariga erishishga imkon beradi. 
Oddity ish sharoitida turli shahar passiv optik aloqa 
tarmoqlari tegishli abonentlar optik kabellar orqali 
bir-biriga ulanadi. Shahar aloga tarmog‘i ishlamay 
qolsa, aloga "halqa" bo'ylab kerakli stantsiyaga 
boradi. 

Shahar passiv optik aloga  tarmoq 
tuzilmasining tugunlari orasidagi aloga uchun biz 
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yer osti yotqizilgan optik kabeldan foydalanamiz. 
Ushbu yechim yugori kuchlanishli liniyalariga 
nisbatan muhim afzalliklarga ega, chunki mavjud 
infratuzilma (kabel  kanallari,  kollektorlar, 
tunnellar) ishlatiladi va kabelning shikastlanishiga 


olib keladigan tashqi ta’sir omillar sonini 
kamaytiradi [7]. 
Ummumiy tarmogni _ tashkilllashtirishda 


ZTE firmasining ZXA10 C600 katta sig‘imli OLT 
qurilmasidan foydalanamiz, u o‘ta yugori polasa 
kengligidan foydalanish, katta hajmli video, 
statsionar mobil konvergentsiya, tarmoqni qayta 
konfiguratsiyalash, yugori darajasidagi (Quality of 
Service - Xizmat sifati) QoS va xavfsizlik kafolati 
ehtiyojlarini qondiradi. 


5-rasm. O'rganilayotgan shahar passiv optik 
tarmog tuzilmasining zaxiralash asosidagi sxemasi 

Tadqiq qilinayotgan shahar passiv optik 
tarmoq tuzilmasining ishonchlilik 
ko'rsatkichlarini hisoblash. 

O'rganilayotgan shahar passiv optik tarmoq 
tuzilmasining ishonchliligini tahlil qilish uchun 5- 
rasmdan foydalanamiz, unda stansiyalar orasidagi 
masofalar, tugunlarning jihozlari va uzatish tizimi 
ko'rsatilgan. 6-rasmda_ ko'rsatilgan tarmoq 
strukturasining har bir elementi uchun hisoblashlar 
amalga oshirilgan. 

K; - tayyorlilik koeffitsientt quyidagicha 
aniqlanadi: 

To 
Ty + Tot 

Bu yerda Ty - elementning nosozliklari 
orasidagi o'rtacha vaqt, 

To: - o'rtacha tiklanish vaqti 5,2 soat. 

Hisoblashda biz oldingi tadqiqot ishlarida 
keltirilgan ko‘rsatkichlarni asos qilib olamiz [8]. 

Zamonaviy raqamli kanal uchun tayyorlilik 
koeffitsienti Kxanal = 0,985 ni tashkil giladi. Ushbu 
qiymat har qanday tugunning K; ni hisoblashda 
ishlatiladi. Bundan tashqari, raqamli tugunlari 
Ktugun=0,999995 bilan ZXA10 C600 tizimi asosida 
amalga_ oshirilgan OADM _ (kirish/chiqish) 
multipleksorlaridan foydalanadi [11]. Shunday 
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qilib, Kt _ Kkanal* Ktugun=0,985 x0,999995 = 
0,984995075 tayyorlilik koeffitsienti giymati [8]. 
Optik kabel asosida aloga liniyalarining Kt 
qiymatlarini aniqlaymiz. 
SS 


S> 
a a 


6-rasm. Tugunlar va tarmoq elementlarining 
joylashish sxemasi 
Aloga liniyasining o'rtacha tiklanish vaqti 
Tot =5,2 soat liniya uzunligiga bog'liq emas va 
kabelning ishlamay golish tezligini aniqlash uchun 
Aox, biz quyidagi formuladan foydalanamiz: 


AorL 1 

Aok = 8760*100 oat” (1) 

bu yerda L - kabel uzunligi (km), 

A ,=0,34 (—) - uzunligi 100 km uchun 
yiliga o'rtacha kabel nosozliklari soni (8760), 

Misol uchun, uzunligi 5 km bo'lgan OLT 
bo'limida (6-rasmga qarang) optik kabelning 
tayyorlilik koeffitsientini aniqlaylik. 
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: bis eG 1 
Nosozliklar orasidagi o'rtacha vaqt Ty = co 
ok 


formula bilan aniqlanishini hisobga olsak, biz 


quyidagi formula asosida tayyorlilik 
koeffitsientini topamiz 
1 
ok 
Kys) = a 0,99998909 
aio 
Tarmogning boshga_ bo'limlari uchun 


tayyorlilik koeffitsientlari xuddi shunday tarzda 
hisoblanadi. Hisoblash  natijalari 1-jadvalda 
keltirilgan. 

Keling, 1-jadvaldan foydalanib, tarmoqning 
strukturaviy ishonchliligi ko'rsatkichlarini ko‘rib 
chigaylik. Masalan, splitter 1 va splitter 4 tugunlari 
o'rtasida bog'lanishning tayyorlilik ehtimolini 
ko'rib chiqaylik (6-rasm). 

Ulanish uchun 3 ta yo'nalish mavjud: 

- asosiy — splitter 1 optik liniya orqali splitter 
4 ga ulanadi; 

- zaxira — markaziy splitter normal ishlagan 
taqdirda, splitter 1 markaziy splitter orqali splitter 
4 ga ulanadi; 

- zaxira - markaziy splitter ishlamagan 
taqdirda splitter 1, splitter 4 ga splitter 2 va splitter 
3 orgali ulanish sodir bo’ladi 

1-jadval. PON — uskunalari 


va  aloqa 


‘ 0,34x5 liniyalarining ishonchlilik parametrlari 
(1) ga ko'ra Aok(s) = aseanae = 
1,940639 x 10-6 (—) 
soat 
Uskunaning turi K; parametrining K: giymati 
belgilanishi 
ZXA10 C600 Koir 0,984995075 
Raqamli kanal Kanal 0,985 
Huawei SC/UPC (Optik splitter) K splitter 0,999995 
TOAUL (Tolali optik aloga uzatish K 1-9 0,999989093 L=5,0 kM 
liniyasi) 0,999991927 L=4,0 km 
0,999996972 L=1,5 kM 
0,999994959 L=2,5 kM 
0,999996972 L=1,5 kM 
0,999995966 L=2,0 km 
0,999990918 L=4,5 km 
0,999993945 L=3,0 km 
0,999993945 L=3,0 km 
l-jadvalga muvofiq ishonchlilikning 
tugunlar orasidagi masofaga bog ‘liqlikini aniqlash 
mumkin. 7-rasmda tadgiq qilingan sxemaning 
uskunalari ishonchli ishlashining masofaga 
bog'liqligi keltirilgan. 
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7-rasm. Tadgiq  qilingan tarmoqning 
uskunalari ishonchliligining masofaga bog'liqligi 
peers Xulosa va tavsiyalar. 
ee Olingan natijalar shuni ko‘rsatadiki shahar 
pai zonasi uchun passiv optik tarmog‘ining halga 
accel topologiyasi asosidagi elementlarning bir biri 
— bilan ulanish masofasi oshgani sari tarmoqning 
= tayyorlilik koeffitsienti kamayadi. Biz tadqiq 
aoe qilgan tarmogning optik splitterlari bir biridan 2 
i are as as (km) km masofada  joylashganda tayyorlilik 
koeffitsienti belgilangan gqiymatga — erishishi 
mumkin. Kelajakda optik tarmoq elementlarining 
joylashuv o‘rnini tarmogq tuguniga yaqin masofada 
saccaea ya’ni 2 km dan oshmagan holda joylashtirishni 
nocoees ko‘zda tutadi va optik splitterlarning bir biri bilan 
0,9990061 ulanishida zaxira ulanishlarni  shakllantirishni 
taqozo qiladi. Shahar optik tarmoq 
texnologiyasining taklif etilayotgan PON 
texnologiyasi tuzilma mavjud telefon 
tarmoqlarini, shu jumladan aloga abnentlarini bir 
biri bilan doimiy aloga bo'lish imkonini beradi va 
moddiy resurslarni tejaydi. 
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FEATURES OF MODERN TECHNOLOGIES FOR MEASURING TEMPERATURE VIA 
WIRELESS TOUCH NETWORKS 
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‘doctoral student, TUIT named after Muhammad al-Khwarizmi, 
“profes sor, TUIT named after Muhammad al-Khwarizmi, 
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Absract. Modern technology allows you to remotely measure and monitor the temperature of a 
particular object or place. This article presents the capabilities and applications of the DS18B20 
temperature sensor and the NodeMCU platform for remote control of the Internet signal transmission 
system developed by DALLAS Semiconductor. 

Keywords: temperature sensor, Wi-Fi, monitoring, wireless network, power supply, NodeMCU 
system. 

AHHOTayMaA. CoBpeMeHHbI€ TeXHOJIOrMH MO3BOJIMIOT QMCTaHIMOHHO V3MepsaTb UH 
KOHTPOJIMpOBaTb TeMIepatypy TOTO WIM HHOTO OObeKTa WIM MecTa. B WaHHOM CTaTbe MpeCTaBsIeCHbI 
BO3MO2%KHOCTH H OOacTH IpHMeHeHHA JaTuHKa TemMiepatypbI DS18B20 u nmatdopmser NodeMCU ania 
yaileHHoro ylipaBleHua cucTemMoli TepeqayH WHTepHeT CHTHaoB, pa3padoTaHHOl KommaHueli 
DALLAS Semiconductor. 

Ku1rouesBble C10Ba: JaTuHK Temlepatypsbl, Wi-Fi, MOHHTOpHHT, OeclipoBosHad CeTb, HCTOUHUK 
muTaHHa, cactrema NodeMCU. 


Today, there are temperature sensors and 
systems that work with them. The use of modern 
wireless technologies and devices for remote 


ark ie 


monitoring or constant temperature control in 3 
‘tori vee F3 P2.1 
systems where regular monitoring of the é.@ 223 : 
GND 


temperature of facilities, greenhouses or 

warehouses in industrial zones is important [1]. In cuewe = 
particular, it is advisable to control the 

measurement errors, real-time data transmission, Figure 2. DS18B20 wiring diagram 

power supply of system elements [2]. The The DS18B20 smart temperature sensor has 
DS18B20 temperature sensor is a single-wire several key features. It has a unique single-wire 
digital temperature sensor. It can be powered by an iterface. All you need to do to connect the 
external power supply or powered from a data line Microprocessors and make a two-way connection 
in "interference mode", which eliminates the need _ 15 to install the command codes. It is not necessary 


for an external power supply [3]. to use any peripheral device [5]. DS18B20 
es temperature sensor waterproof type is also 
” ae available. The power supply may be available via 

a data transmission line and has an appropriate 


voltage range. The technical characteristics of the 
DS18B20 temperature sensor are given in Table 1 


6. 
SS Table 1. 
Figure 1. DS18B20 temperature Serisor. Specifications of DS18B20 temperature sensor. 
Can be set depending on the height and Power supply 302. VDE 
limits of the variable signal. The network support Data transfer 9 ~ 12 bit 
list associated with it (multi-address) is multicast. Temperature -50 °C - +125 °C 
Thus, multiple DS18B20 can only be parallel in range 
three lines to perform multi-point temperature Temperature +/- 0,5 °C (-10 °C to 
measurement. Its connection is shown in Figure 2 measurement 85° C) 
site [4]. accuracy 
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Diameter: 6 - 9mm, 
length: 10mm - 
1000mm 

Stainless steel 
Molex, JST, DuPont, 
CWB, CJT, U type 
and others. 

PVC pipe; fiberglass 


Sensor size 


Device material 
Connection types 


Heat shrinkable 


material tube; teflon pipe 
Ports Black: GND; 
Yellow: DATA; 
Red: VDD + 
There are currently several systems 


available for wireless data transmission and real- 
time monitoring to the user, monitoring the 
temperature above or below the set norm, or 
temperature warning. Of the available boards, the 
common Ardunio board or several types of 
microcontrollers also have very high capacity [7]. 
GSM, ZigBee, Wi-Fi and other modules can be 
used with these boards for wireless data 
transmission. When controlling or monitoring the 
temperature of objects using temperature sensors, 
the characteristics of the objects are analyzed by 
selecting the NodeMCU board [8]. The small size, 
flexibility of this board, one of the best features of 
the system is that the Wi-Fi transmission module 
is located on the board and transmits data from 
multiple sensors to the user at the same time [9]. 
NodeMCU is a platform based on the ESP8266 
module. NodeMCU (Node Micro Controller Unit) 
is an open source software and hardware 
development environment created on a SoC 
(System on Chip) type chip system called 
ESP8266, which contains important elements of 
the ESP8266 computer. These include CPU 
(Central Processor Unit), RAM (Random Access 
Memory), Wi-Fi wireless network, and even a 
modern operating system and SDK (Software 
Development Kit). This allows IoT (Internet of 
Things) to work for all types of projects [10]. 
Access and use of the ESP8266 as a chip is also 
complicated. To perform the simplest tasks to turn 
it on, you need to connect the appropriate analog 
voltage wires to its pins. It is difficult for amateurs 
or beginners who want to experiment with it in loT 
projects. With this level of integration, the 
ESP8266 is easier to use as a controller chip built 
into mass electronics [11]. 

Designed to conveniently control various 
remote circuits via a local area network via Wi-Fi 
or a signal to the Internet [12]. For example, based 
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on data from the NodeMCU database, it is possible 
to create a control system by installing light or 
ventilation controls over the phone, recording 
sensor readings, and installing many other sensors 
[13]. The NodeMCU board is more compact, 
allowing it to be used over more. NodeMCU is 
“legs” are free to have a breadbroad board. The 
"flash" button on the board is for frames to be 
transferred to the system, and the "reset" button is 
for resetting the board [14]. The motherboard of 
the board ESP8266 occupies a large chip, on which 
it is possible to install a microprocessor with a 
frequency of 80 MHz, it can also write to 160 
MHz. Additional boards are also available to 
provide the modules with convenient power. 
Technical characteristics of the NodeMCU system 
are shown in Table 2 [15]. 


Table 2. 
Technical characteristics of NodeMCU 
board. 

The size of the board | 3x6 sm 
Data transmission Wi-Fi 802.11b / 
standards g/n 
Power supply 5 ~ 12 VDC 
Data transfer speed 54, 600 mbit / 

sec 
Distance 100 m 
Frequency range 2.4 GGs 
Number of devices 10 


connected to the 
network 
Data transfer type 


Wireless, via 
radio channels 
4 Mb 


Flash memory 
capacity 
Number of I/O ports | 11 

Connection type Micro USB 

The NodeMCU board can be powered from 
a power supply or computer by connecting devices 
to the controller via a small USB port. The 
NodeMCU system consumes a small amount of 
power [16]. NodeMCU Some ports also have 
additional functions Figure 3. 


Figure 3. View of the NodeMCU board. 

Using the above DS18B20 temperature 
sensor and the available capabilities of the 
NodeMCU board, it is possible to measure the 
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temperature of the object from different points. 
Data is transmitted in real time using the 
NodeMCU board [17]. The DS18B20 temperature 
sensor on the NodeMCU board connects the data 
line to the appropriate ports. The DS18B20 
temperature sensor communicates using a single- 
wire protocol, and each sensor has a 64-bit serial 
code, so the scheme for obtaining temperature 
from multiple sensors using a single digital PIN is 
shown in Figure 4. 


Temperature 


a, 


NodeMCU Bhai 
ESP8266MOD ane 


\ Power 
\ Supply 


| | Display 


Figure 4. Structural performance of remote object 
temperature control from different points. 

The ESP8266 is programmed using the 

Arduino IDE to prepare the Arduino IDE for the 
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board connection scheme to work together using 
the developed system, so before proceeding, install 
the ESP8266 system and then record the 
temperature data from several DS18B20 
temperature sensors. [18]. 

To read the temperature from several 
sensors, all data lines are connected to the 
NodeMCU board, as shown in the schematic 
diagram. In summary, the temperature of the 
observed object or building can be monitored from 
multiple points via DS18B20 temperature sensors 
and NodeMCU systems, and transmitted, received 
and monitored in real time from the wireless 
network via the Wi-Fi module, as well as by 
connecting additional sensors, humidity, pressure 
and light can also be monitored over time. The 
developed DS18B20 temperature sensors can be 
used to conduct real-time experiments in research 
projects, to monitor the temperature of warehouses 
or facilities from several points, to organize the 
transmission of the obtained monitoring results via 
wireless network through the block diagram of 
connection to the NodeMCU board. 


DS18B20 temperature sensor and the NodeMCU 
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DEVELOPMENT OF A MATHEMATICAL MODEL OF THE INFORMATION SYSTEM 
USING SIMULATION MODELING 
A.Sh. Fazilov', M.T. Azimdjanova’? 
'2 TUIT named after Muhammad al-Khwarizmi. 

Annotation. Modeling as a research method is a powerful cognitive tool throughout the history of 
human development. The article describes the methodology for the development of mathematical models 
of information systems, based on materials from various literary sources, author's developments on the 
system approach, mathematical modeling and programming. The mathematical model of the information 
system is described and all the characteristics of the IS are given. 

Key words: information system, model, program, probabilistic-temporal characteristics, process, 

Annotayna. Moyemupopanve Kak MeTOJ HCCiIeqOBaHHA ABJIAeCTCA MOI[HbIM HHCTPpyMeCHTOM 
TO3HaHHA Ha TIPOTs#*KeHHU BCeM UCTOPHU pa3BHTHA 4YeOBeyecTBa. B craTbe omMcaHa MeTOOOIMA 
pa3paOoTKH MaTeMaTH4eCKHX MOjlelIei MHPOpMaIMOHHbIX CHCTeM, OCHOBaHHad Ha MaTepHasiax 


pa3JIMGHBIxX JIATeCpaTypHbIxX UCTOUHHKOB, 


aBTOPCKHX pa3paOoTKax 10 CHCTeMHOMy TOyxoyy, 


MaTeMaTHYeCKOMYy MOJeIMpOBaHHIO HW TporpaMMupoBaHHto. OnvcaHa MaTeMaTH4¥ecKad MOJIeJIb 
HHMOpMallMOHHOM CHCTeMBI H WaHbI BCe XapakTepucTuKH MC 
Ku1104eBble ¢10Ba: HHDPOpMallMOHHad CHCTeMA, MOJ{eJIb, IIpOrpaMMa, BepOATHOCTHO-BpeMeHHEIe 


XapaKTepHCTHKH, MIpoLuecc, 


VndopmalnoHHpie CHCTeEMBI (UC) 
ABIAIOTCA OJHHM U3 3@@eCKTHBHBIX cCpeCTB 
oOpadoTKH HHdopMalnn B cucTeMax 
KOJIICKTHBHOTO =TIOJIb30BaHHA = MSs LLMPOKO 
HCTIONIb3YIOTCA B yupexK eHuecKHx 
aBTOMaTH3MPpOBaHHbIX CHCTeMax  ylIpaBJIeHHA, 
cucTemax aBTOMaTH3HpOBaHHOro 
Il1poeKTHpoBaHHA u T.2. LImpoxoe 
paciipoctpaHenue UC, npexye BCero, 
oOycIIOBsIeHO UX BbICOKOM 9IKOHOMMYECCKOII 
addextTuBHocTb1o. B Ou3Hece cBOeBpeMeHHoe 
oOjaqaHve HeoOxoyuMon uHdopmarMeli — 3a0r 
ycnexa. 

B ycuoBuax ObicTpoMeHsolleroca Mupa, 
OxBayeHHOro COMMaJIbHO-3KOHOMH4eCKHMU 
IipeoOpa3s0BaHHAMU, OcoOoe 3HadeHHe MMeIOT 
BOIPOCbI [pHoputTeTa WeHHOCTH %xKV3HH U 
M4HOCTH YeoBeKa. B wWeHTp COBpeMeHHOit 
Hay4HOU KapTHHbI MUpa BbIABHTaeTcA 4eIOBeK U 


ero. HTepecbI - UpowcxoqMT  mporecc 
TyMaHH3allMn BCex OOsIacTel 3HaHHA. 
Ooyuenue MaTeMaTH4eCKOMY 


MOJ{C@JIMPOBAHHIO HEBO3MOX%KHO Oe3 MpHBIeTeHHA 
cBeqeHHH 3 pa3JIM4HbIX OONacTelit 3HaHHA, 
IOSTOMY BOIPOCbI peasIH3al|HH MexKIpeMeTHBIX 
CBA3eH MaTeMaTHKH C OCTaJIbHBIMH y4eOHbIMH 
lipeqMeTaMu UrparoT BeYLUy!O POllb B 93TOM 
lmpouecce. 

Llembro UccueqOBaHHA ABIIACTCA paspaooTKa 
MeTOJJMKH oOy4eHuA MaTeMaTHY¥eCcKOMy 
MOJ{CJIMPOBAaHHIO IIpOueccoB B HHMPOpMallHOHHBIX 
cucTeMax Kak cpeyCTBy yCusieHHna 
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HOMOJHUTCJIBHOTO MaTeMaTHy4ecKOro 
oOpa30BaHHaA CTYJICHTOB. 
OOneKTOM HCCC TOBAHHA ABIIACTCA 


MaTemMaTH4ecKoe OOpa3z0BaHHe CTy{eHTOB BY3a. 
IIpeqMetoM uccieqoBaHuA ABJIAeTCA OOy4eHHe 
CTYJCHTOB MaTeMaTH4eCKOMY MOJ{eJIHpOBaHHI0. 

LlenenampapieHHoe lIpHMeHeHuve 
MaTeMaTH4eCKOTO MOJeIMpoBaHHA B 
HcCIeqOBaHuAX = MH(OpMaLMOHHBIX CHCTeM 
T1O3BOJIMT YCHJIMTb 3PrOHOMHYHOCTB 
JOMOIHUTEIBHOTO MaTeMaTH4eCKOTO 
oOpa30BaHHA, 4TO B CBOIO O4epeb MOBbICHT 
wHTepec yualliuxcd K  MaTeMaTHKe UW 
IIporpaMMupoBaHHo. 

B coOOTBeTCTBHH Cc IelIbkIO, Trumore30u, 
OObeKTOM HM Ipey{MeTOM UccIeqoBaHHA OBLIM 
olpeyeseHbI CleszyrouMe YacTHble 3a1a4H: 

1. U3syauts coctosHue mpoOsempl oOyueHna 


MaTeMaTHYecKOMy MOJeJIMpOBaHHto u 
lmporpaMMupoBaHHo. 

2. IIpopectu anamM3 BO3MO%xKHOCTeH 
MaTeMaTH4YeCKOrO MOJ{eIMpOBaHHA 
WHQOpMallMOHHBIX CHCTeM KaK  cpejicTBa 


yCHJICHHA ONTHMV3alnH OOpaooTKU HHMopMalnn 
B TaKMX CHCTeMax. 

3. Pa3paOoTaTb MeTOquKy oOy4eHHA 
MaTeMaTH4eCKOMY MO/{eJIMpOBaHHIO IIpOLeccoB B 
HHOpMalMOHHBIX CHCTeMax, KaK cpejicTBa 
ycusieHua 3c) cbeKTHBHOCTU oOpadorTKn 
HHOpMallwH C HCIOb30BaHHeM COBPeCMCHHBIX 
CpeACTB BLIMHCIIMTeIbHOM TEXHUKH. 


4.  OcyllecTBHTb 9KCIIEPHMeHTaJIbHy!O 
IpoBepky 93dekTHBHOCTH  UCTIOUb30BaHHA 
) a 
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pa3spaOoTaHHBIX MeTOMY4eCKHX MOjelIeH WA 
IIpoBpeyqeHua 3aHATHH MaTeMaTH4ecKoe 
MOJ{eIMpoBaHHe H IporpaMMupoBaHnHe. 

Jia  pellieHua lOcTaBJICHHBIXx 
HCHOJIb30BasIMCb cieyyrourHe 
vccueqOBaHHuH: 

- aHaIM3 TcCHxoNoro-legqarormyeckon u 
Hay4HO-MeTOM4eCKON JIMTepaTypbI 10 TpoOseme 
HcceqoBaHHuaA, 

- w3y4eHHe egarormueckoro  ofbita 
IipeoqaBatesie, avasiH3 JIM4HOFO OMbITa paovorsl 
B Tpyllax pa3IM4HOrO Mpodusa B Ka4yecTBe 
yuntesia IporpaMMupoBaHHa, 

- TearorMwueckuii 9KCIepHMeHT; 

- IIpoBeyeHve OTKPBITBIX ypOKOB Hu 
MeTOAM4eCKHX CeCMHHApOB JIA MpenosaBateseit 
BY3os. 

Hay4Had HOBM3Ha MCCIIeOBaHHA COCTONT B 
TOM, 4TO B HEM: 

- pacKpbITa 3HaYHMOCTb MaTeMaTH4ecKOro 
MOJeIMpoBaHua UW porpaMMupoBaHHuA = B 
HCCeOBaHHN TMpoweccoB B HHPOpMallMOHHBIX 
CHCTeMax; 

- pa3paOoTaHa cTpyKTypa uM cojjepxaHve 
JMaKTH4YeCKHX MaTepHasioB, HCIIOJIb3YeMBIX JIA 
oOyueHHA MaTeMaTHYeCKOMy MOJ{eIMpOBaHHIo 
OOMleCTBeCHHEIX TIpOMeccos. 

- pa3paOoTaHa MeTOAMKM opraHv3alluu 
MaTeMaTH4uecKHX  3aHATHH §=10 ©oby4eHHIO 
CTYCHTOB MaTeMaTH4YeCKOMy MO/{eJIMpOBaHHIO 
IIpolleccoB B MH@OpMalMOHHBIX cuctemax (MC). 

IIpou3BoquTebHOCTB =H mpomyckHas 
cmocoOHoctp WMC ompeyensetca KOMIIIeKCOM 
CHCTCMHO B3aHMOCBA3AHHBIX (PaKTOPOB: 

- XapaKTepHCTHK TeXHHYeCKHX cpeyCTB 
(BBIOOpOM KOMIIbIOTepoB HM padounx cTaHunii, 
KOMMYHHKal{HOHHOrO obopyqoBaHna, 
onepalHOHHBIX cHCTeM pado4unx  cTaHunit, 
CepBepoB H HX KOHUTypaluii UT. 11); 

- xapaKTepoM paciipeyeeHud HU xpaHeHHa 
HHOpMallMOHHBIX pecypcos; 

- pexKHMaMH JOCTyIa B CHCTeMY; 

- opraHH3alluu pacripeyeseHHoli oOpaboTKn 
HHdopmaunn; 

- pacripeyleneHuem (baiisI0B Oa3bI JaHHBIX 10 
cepBepaM CHCTeMBI; 

- opraHv3alMert 
BbIYHCIUTeIBHOTO Tpolecca; 

- 3aMTHI, NOAepxKaHuA HW BOCCTAHOBJICHHA 
paOotocnocoOHocTH B  cHTyalluax cOoeB Hu 
OTKA30B. 


3ayad 
MCTOJIBI 


paciipeyjesieHHOro 
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UccneqopaHue xapakKTepHCTHK pa3JIM4HbIxX 


pexKHMOoB jocTyla Hu  BBIOOp  HanOoree 
ONTHM@JIbHBIX VIX KOHKPCTHBIX pe?KHMOB 
(byHkuMoHupoBpanua VC wu, cooTBeTcTBeHHo, 


ONTHMM3alHH pexKHMOB OOpadoTKH HHdopMallHu 
Ip pelieHHH 3aaHHOro K1acca 3a{a4, BO3MO2KHO 
IyTéM pa3paOoTKH MaTeMaTH4eCKHX MO/JfelIei 
9TUX TIpOLeccow U OpraHH3al{HH AMMTalMOHHOrO 
MOJeJIMpOBaHHA C HCIIOJIb30BaHHeEM CpeJCTB 
BBIMMCIIMTEIBHOLO 9KCIHEPHMeHTA. 

IIpakruyueckHi MHTepec paccMaTpHBaeMBIX 
3anay OlpeeuA!OTCA HeOOXOMMOCTBIO 
pa3spaOoTKH UporpaMMHoro oOecrieyeHuA WIA 
IIPOCKTHPOBaHHA, MOHHTOPHHTa HW ONTHMH3allHH 
Pe2xKHMOB (pyHKUMOHUMpoBaHHA CJIOXKHBIX 
pacnpeyemenuErx MC. 

OnpeyesIMM OCHOBHBIC TlapaMeTpbI MOJeJIM 


MaccoBoro OOciIyWKHBaHHA Tp  cilyuaiiHOM 
MeTOJe JOCTyla K Tepeqarolei cpeye: 
Ai, i=l,k — WHTeCHCHBHOCTB 3aABOK, 


MOCTyNaroljux Ha OOpadoTKy OT i-ro aOoHeHTa, 
XxapaKTepH3yeT BO3HHKHOBCHHe CBA3H Mey 
aO0OHEHTOM «i>» H CepBepoM; 

ui, i=1,k - WHTeHCHBHOCTb oOpadoTKH 
3aABOK B OTli ; 

UM1 — HHTCHCHBHOCTb OOpadoTKH 3a4BOK B 
MOHOKaHalle, MOCTyMaroljux OT BCeX AOOHCHTOB — 
oOpaTHad BesIM4HMHa CpeyHero BpeMeHH Tepeyauu 
HHopMallMn 10 MOHOKaHAally; 

l/Uum2 — WHTepBall yBesIM4YeHHA BpeMeHH 
oOpaOoTKH 3aBKH B MOHOKaHasIe 3a cueT 
BO3HHKHOBCHHA KOH(QJIMKTOB (cpeqHee BpemMa 
OTCpOUKH). 

KondsmktTHasd Cutyalua OOHapyxKUBaeTCA 
JIMKBUAMpyeTca B TedeHHe cpesHero HHTepBasia 
BpemeHH 1/uUm2. BeposTHocTb HacTymieHua 
KOHQJIMKTa OMpeeAeTCA CIIeTYIOMIHM OOpa30M: 

Pax = P(h2=3)-H, (1) 

roe P(h>3) — BeposTHOCTb HaxoxK]eHHA B 
CMOnx Tpex HIM OosIee 3A1BOK OT BCeX AOOHEHTOB; 
H — BeposTHocTs OecKOH@IMKTHBIX cuTyalHii, 
Kora B CHCTeMe HaxOJATCA TPH UH Oosee 3aABOK. 

BeposTHocTb Toro, 4TO B- cHcTemMe 
HaxowHTca poBHo k 3aaB0K Ia CMO M/M/1 
papua p;, = (1—p)p*,k = 0,1,2,... 

BeposTHOcTb Toro, 4TO B CHcTeMe UMeeTCA 
110 MeHbilei Mepe k TpeCoBanuli Aa CMO 
M/M/1: 

P[h = ktpeOosannit B cucteMe]= 
Dice Pi = Lied — pip =p, 
re p = YE, pi. pi = a. 
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Takum o0pa30M, BeposTHOcThb P(h>3) 
orpeyeuaeTcaA Ha OCHOBe MoemH CMO M/M/1 c 
yu4eTOM TOrO, YTO Ha BXOJje HMeeM CyMMapHBIit 
MOTOK OT BCex aOoHeHTOB, T.e. P(h>3) = p*. 

JJasiee B rilaBe paccMOTpeHo MocTpoeHue 
MaTeMaTHYeCKON MOE CLyYaMHOrO MeTO]a 
noctyna MC c 1pou3BOJIbHbIM 4HCJIOM 
aOOHECHTOB. 

AHasIH3 TloBeeHHA BepOATHOCTH 
OeCKOHIMKTHBIX CHTyalMi B BbIpaxenuu (1) 
IIpH BO3pacTaHHu 4uca aAOOHeHTOB «h»> MoKa3all, 
4To 3HaueHHe H yOniBaet u mpu h=4 coctaBssaer 
3,48%, a mpu h=8 - 0,46% . CreqoBaTembHo, npu 
h>4 3Hauenuem H B (1) MoxHO TIpeHeOpeyb u 
Torya 

Pax = P(h>3)= p?. (2) 

IIpu ucnonb30Banun (2) Fon 
KoodulNenta 3arpy3KH B MOHOKaHalle OT 1-To 
aOOHeHTa paBHa: 

pi = Ai/Maa + (A /Mut)? Mu2, i = 1k, (3) 

rye A = ee A; oOmlad cyMMapHas 
MHTCHCHBHOCTb MOTOKOB, MOCTyMarolHx Ha BXO] 
MOHOKaHaa; k — oOmee 4HCIO BxXOAIIMX 
TIOTOKOB B MOHOKaHas; Mui — WHTCHCHBHOCTB 
oOpaOoTKH 3a9BOK BCeX aOOHEHTOB- B 
MOHOKaHasie; My2 — HHTCHCHBHOCTh OOpadoTKH 
3adBOK B MOHOKaHasIe B CJlyuae BO3HHKHOBCHHA 
KOHQJIMKTA. 

Cymmupys 110 BCeM 3JIeMeHTaM pi, 1=1,k, 
BbIpaxkeHue (3) cBeeM K BUY 


_yk MK __1 
Pux = ini Pi = 


Mui 
3 3 

i A A A A 

ee 

Mmuz2 \Mma Mui Mmz2 \Mmi 


IIpu BO3HHKHOBCHHH KOH@JIMKTa~ B 
BbIPaKeHHU (4) B riaBe OlpeyeweHo 3HayeHne 
My: 


k 
ima Ai + 


Mw2 =1/ Tomep: (5) 
Q 


re Torep (1) == Yn=al(2" — 1.0?) + 


911.5 Ynz10(2"" — 2"); Q= 


(Dessau A:)/Mui1 
Ha Bxoq kaxyoro aOOHeHTCKOorO y31a 


IOCTylaeT MOTOK C MHTCHCHBHOCTHIO Aj, i = 1,k, 
KOTOpBIM OOpadaTEIBaeTca B adOHeHTCKOit 


CTaHwMH Cc WHTeHCMBHOCTbIO ;,i=1,k, u 
HHTCHCHBHOCTBIO MOCTYIWICHHA 3aABOK: 
AP = A; + Aj rae Aj = (Lra1 Ar) /(k - 1) 
,i=1,k (6) 
BBX  mepBoi = spa3br 
CJIeEYFOWMM OOpa30M: 


Ope eAKOTCA 
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II[nOTHOCTS pactipeqeueHuaA BepoATHOCTeH 
BPeMeHH II1peOLiBaHHA 3adBKU Ha (pase: 


gi? (t) =(u-% ®*) exp[(ur-%  ") t]. (7) 


CpeaHee Bpema npeObiBaHHa 3a1BKH Ha 
TlepBou (base: 


w= (ua Ppl. (8) 
Jlucniepcua BpeMeHn ipeObiBaHHa 3a4BKu 
Ha llepBoit (pase: 
DyP=[-& #)I7. 9) 
I[noTHOCTS pactipeqeueHuaA BepOATHOCTeH 
BPCMCHH OKU TAHA 3aABKU: 


fr®() =O Phu ur AP exp [-(u- 
A §*) t]. 10) 
CpeyHee BpeMa O2KNaHHA 3aABKH Ha 
TlepBoui (base: 
—1p 1 AR /u; 
Wi = ne TAP a; qd 1) 
JIucnepeus BpeCMeCHH OKUAAHWA 3aABKU 
Ha llepBoit (pase: 


t ~~ 
Dah Pl Pui- 2 PY. (12) 
PacnpeyeseHve BepoaATHOCTeH 4MCIIa 
3aABOK, HaXOJAMIMXCA Ha: 


P?(n) =(1-% Pr OA SA)". (13) 
CpejHee 4HcJI0 3a4B0K B TepBoii base: 
mi =A Pn = $7). (14) 
J\uctiepcua unciia 3a4B0K B TepBoit (baze 
CHCTCMBI: 


Dre=(A Ph -& B/n?. (15) 
PacnpeyeseHve BeposATHOCTen 4MCIIa 
3aABOK, OKMTAOWIMX OOCIY2KMBAHHA: 
PPO) =1-0 PP) = 
(A Pur) (A ur)! , mpu n> 1. (16) 
CpeqHaa JIMHa O4epeyM Ha HepBoli (pa3e: 
Ti =(h Phu yPM-A fr). 17) 
J|ucniepcna JIMHbI OYepe dM 3aABOK: 
DpP=(-& Pi) Liar kA PV) 
(A PPA Pfr). (18) 
VIHTeHCHBHOCTb BXOJHOrO HOTOKa BTOpol 
(ba3bl OlIpeeAeTCA CeAYIOWMM OOpa30M: 
A =A “te Ai) + Aigie + Aysanes (19) 
CpeaHee Bpema oOpadoTKH Maketa 
COOOMeHHA B MOHOKaHalsie: 


MK__1_ _ PK _ wk 
T3xBn= “MK — A? A= ais (20) 
U5xB 


rae pMK ONpeyeuéH COOTHOMeHHeM (4). 
Vmes B KayecTBe HCXOJHBIX TWapaMeTpoB 


Ia BTOpoH da3br oOOpadoTKH Tosy4eHHbIe 


icpev__| 


Central Asian Journal of Education and Computer Sciences 
(CAJECS) Scientific Journal 


3Ha4ueHHa «A» HW «UR H, MCHOUb3yaA WA 
olpeyeweHua Ty %*e MOjeIb MaccoBoro 


oOciryxuBaHia (M/M/1), uro u a4 MepBow (ba3bI, 
TIOJYYHM Wid BTOpow da3bi aHaslorM4HE Hadop 


—2 
BBX: g2(t), U" a. f29(t), w’®, 
Tye BO 


Dz°, P??(n), n°, p2?. 
BbIpaxeHuax BBX nepBoi (:a3bl Ul MeHAeTCA Ha 
Lowe, 2 Ar 3aMeHsetca Ha A. 

Jia tpetbei da3spr oOpadotku BBX 
OlpeyeAIOTCA Ha OCHOBe BCe TOM %*e MOJeIM 
MaccoBoro oOciy2xKHBaHHaA M/M/1. B xkayectBe 
HCXOHbIX napaMerpos 3eCcb OyyT 

A =r <1; vA; i) + Aeceie HW, 

Ilo ananoruu c BBX, mosyyeHHow Ha 
TlepBoH MU BTopow da3zax oOpadoTKu, Moswy4HM 
Hadop MoKa3aTesen TIA TpeTbei Pa3bl. 

Ilockompky Moyesbro MC asiaerca 
KCHOHCHUMasIbHad CHCTeMa, TO MHTerpasibHble 
BBX guia Tpex (ba3 Mapuipyta «adoHeHT Aj — 
adoHeHT Aj» onpeyeuAIOTCA Cle qyIOWMMu 
COOTHOMICHHAMH: 


BCex 


Ss, . wale... | 2d , =30,, 
Tm J) = Tm (+ Lm + Hm G) (21) 
- qa BBX, ompedematoujux cpeqHue u 
—z . . 
Nn(iJ) > 
np 
oka3aTesib, M — HOMep MoKa3atema; (7), (it) - m— 
bit WOKa3aTeb N—Ol :ba3bl OOpaooTKH; 


J —1p —2p —3p 
Un J) =m © * Hm * Lm G) (22) 

- MHTerpasIbHEIM WOKa3aTeb Wa BBX, 
Ope eNAIOWIUX IJIOTHOCTH pacripeyeueHuA 
BepOATHOCTeH UH paciipeyesIeHHA BepOATHOCTeH 
J{MCKpeTHBIX COCTOAHHH, rye * - 3HaK 
KOMIIO3HUHMH. 

OnpeyesIMM HHTerpasibHble MoKa3aTeIM WIA 
BCex Tpex (a3 OOpadorTKH. 

IIn0THOCTb paciipedqeIeHHA BepoATHOCTeH 
BPeMeHH I1peOLiBaHHA 3aABKH B CHCTeMe: 

gilt) = 9;° (0) * 9,90) * 9, ©) 23) 

CpeyHee Bpema ipeObiBaHHa 3a4BKH B 

cucTeme: 


AMCHepcuu, Tye MHTerp aJIbHbIi 


Ui; = uz? + u2? +7; (24) 


Jluctiepcus BpeMeHH TipeObIBaHHA 3a4BKH B 
cucTeme: 


Dg; =Dg;*(t) + Dg?? + Dg?” (25) 
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I[noTHOCTS paciipeyqeseHuA BepOATHOCTeH 
BPeMCHH OKU TAHA 3aABKU: 
_ ¢1o * 2o * 3 26 
AO =f O*h O * fi O 26) 
CpeaHee Bpema ou aHHa OOCIY2KHBAaHHA 
3aABKH B CHCTeEMEe: 
ee 
Wi = Wj ey w7? + w;? (27) 
Jlucntepcua BpeMeHH O7KNaHHA 
OOcIy2KHBAaHHA 3aABKH B CHCTeMe: 
DE=SDp ep) 407 Oe) 
i=" Si i i 
PacripeyemeHve BeposATHOCTeH 4NCIIAa 
OOCJIY2KHBaeMBIX 3aABOK: 
P — porn) * p2%(n) * p3? 
i(n) =P, *(n) * Fr" (n) * P, (n) (29) 
CpeytHee 4HcJI0 3aABOK B CHCTeMe: 
1p | —2h | —3h 
N=n;i +n; +n; (30) 
Jlucntepcua 4ncila 3aAfBOK B CHCTeMe: 


=9;° +9;° +9; 1) 
CpeqHaa JIMHa O4epenn: 
— 1p —2h 30 
D; =D; +D,; +D;* (32) 


Jucntepcua cpeqHel JJIMHbI O4epeyu: 

Dp, = Dp? + D5? + D5? (33) 

OctTajIbHble HHTerpasibHble BBX 
IIOJIHOCTBIO OlIpeeJICHbI COOTBETCTBYIOLLIMMU 
BbIpaxKeHHAMH (24), (25), (27)— (33). 

J\ia momyueHuA BeposxTHOCTH Toro, 4TO 
BpeMA OCTaBKH HHopMalMu OT aOOHeHTA «i> K 
cepBepy IIpeBbICHT 3HadeHHe Tyron, OIpeqeuAeTca 
CJIeYFOWMM OOpa30m: 

Pit > Toon] = 1 fy" gi(t)at. (34) 

TakuM 00pa30M, MBI Mojly4HsI 
BO3MO2%KHOCTb BbBIVHCIUTbh BBX, Kak JIA 
OTJCJIBHBIX (:)a3 OOpaOOTKH, Tak M JIA THMOBBIX 
MapUIpyToB JBMKeHHA HHDOpMalnH. 

OnucaHHaa MeTOyMKa pa3spa0oTKu 
MaTeMaTH4eCKHX MOseIeli WHPOpMallMOHHEIX 
CHCTeM  O03BOJIdeT IIPHMCHATB ee B 
TlefarormyueckoHw mpaktuke mpuH odyyeHnn 
CTYCHTOB pa3JIMYHbIX CIIelMalIbHOCTeH B TeX 
cily4aax, Kora TpeOyeT oOpaOaTEIBaTb OobIIHe 
oObémEI wHdopmauwH B UC. Ha _ ocnose 
MaTeMaTH4ecKoe MoyeuIH pa3spa0oTaH 
TIporpaMMHBIii KOMIUICKC Ha A3bIKe 
porpaMMupowaHHa C++, KOTOpPBIX TO*KE 
YCIIe€LIHO HCHOIb3yeTCA B Y4eOHOM TIporecce. 
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Abstract. Nowadays line programming do not support new style of hardware and requirements 
of time expression. According to all of scientist attention of parallel programming, computing. In this 
thesis, more explanation of parallel programming languages and shown operation of parallel 


computing. 


Introduction 

People are always trying to make programs 
run faster. One way to do so is to divide the work 
the program must do into pieces that can be 
worked on at the same time (on different 
processors). More formally, creating a parallel 
program depends on _ finding independent 
computations that can be executed simultaneously. 

Producing a parallel program generally 
involves three steps: 

1. Developing and debugging a 
sequential program. For existing programs, this 
step is already done. 


2. Transforming the sequential 
program into a parallel program. 
a. Optimizing the parallel program. 


Language of parallel programming are 
widely all computing systems. There are following 
parallel computing languages: Linda, Modula-3, 
NESL, Orca, Phantom and others. 

Linda provides four operations for 
accessing tuple space: 


Operation Action 

Out Places a data tuple in tuple 
space. 

Eval Creates a live tuple (usually 
starting new process (es)). 

In Removes a tuple from tuple 
space. 

Rd Reads the values in a tuple in 
tuple space, leaving the tuple 
there. 

Linda has several characteristics that set it 
apart from other parallel programming 
environments: 

1. Linda augments’ the _ serial 


programming language (C or FORTRAN). It does 
not replace it, nor make it obsolete. In this way, C- 
Linda and Fortran Linda build on investments in 
existing programs. 

2 Linda parallel programs are 
portable. C-Linda and Fortran Linda are available 
on a large number of parallel computer systems, 
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including shared-memory computers, distributed 
memory computers, and networks, and with few 
exceptions, Linda programs written for one 
machine run without change on another. 

3. Linda is easy to use. Conceptually, 
Linda implements parallelism via a logically 
global memory (virtual shared memory), called 
tuple space, and a small number of simple but 
powerful operations on it. Tuple space and the 
operations that act on it are easy to understand and 
quickly mastered. In addition, the C-Linda and 
Fortran Linda compilers support all of the usual 
program development features, including compile- 
time error checking and runtime debugging and 
visualization [1]. 

In large programs, it is important to place 
some structure on collections of procedures and 
variables, restricting the proliferation of names. 
Modula-3 programs are structured as collections of 
modules and interfaces. An interface specifies a set 
a public facilities: types, variables, constants, and 
procedures. The interface is a contract between the 
facilities' developers and their clients. A module 
implements an interface by supplying private data 
and bodies for interface procedures. To use an 
interface, a client must import the interface. 
Interfaces and modules are stored in different files 
and compiled separately. 

Some type of Modula-3 operations: 

ISTYPE (x: Reference; T: Ref Type): 
BOOLEAN. ISTYPE(x, T) is TRUE if and only if 
x 1s a member of T. T must be an object type or 
traced reference type, and x must be assignable to 
Z 

NARROW (x: Reference; T: Ref Type): T. 
NARROW<x, T) returns x after checking that x is 
a member of T. If the check fails, a runtime error 
occurs. —T must be an object type or traced 
reference type, and x must be assignable to T. 

TYPECODE (T: Ref Type): CARDINAL 

(r: REFANY) : CARDINAL 

(r: UNTRACED ROOT) : CARDINAL 
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Every object type or traced reference type 
(including NULL) has an associated integer code. 
Different types have different codes. The code for 
a type is constant for any single execution of a 
program, but may differ for different executions. 
TYPECODE (T) returns the code for the type T 
and TYPECODE(r) returns the code for the 
allocated type of r. It is a static error if Tis 
REFANY or is not an object type or traced 
reference type and other type of operation can see 
[2]. 

NESL fully support nested sequences and 
nested parallelism —the ability to take a parallel 
function and apply it over multiple instances in 
parallel. Nested parallelism is important for 
implementing algorithms with irregular nested 
loops (where the inner loop lengths depend on the 
outer iteration) and for divide-and conquer 
algorithms. NESL also provides a performance 
model for calculating the asymptotic performance 
of a program on various parallel machine models. 
This is useful for estimating running times of 
algorithms on actual machines and, when teaching 
algorithms, for supplying a close correspondence 
between the code and the theoretical complexity 
[3]. 

The most important new ideas behind NESL 
are: 

Nested data parallelism: this feature offers 
the benefits of data parallelism, concise code that 
is easy to understand and debug, while being well 
suited for irregular algorithms, such as algorithms 
on trees, graphs or sparse matrices. 

A language based performance model: this 
gives a formal way to calculate the work and depth 
of a program. These measures can be related to 
running time on parallel machines. 


Operation Action 
: Distribute value a to 
Dist(a,]) 
sequence of length | 
iis, Return length of 
sequence s 
: Read from sequence a 
a->1 ae i 
based on indices 1 
Drop first n element of 
Drop(a,n) P 
sequence a 
Flatten nested sequence 
Flatten : 4 
aes Partition n an 
Partition : ee ee 
into nested sequence 
Split an into nested 
Bottop(a) P 
sequence 
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Orca is intended for applications 
programmers rather than systems programmers. 
This is reflected in its design goals to provide a 
simple, easy-to-use language that is type-secure 
and provides clean semantics. Three example 
parallel applications in Orca, one of which is 
described in detail, are discussed. One of the 
existing implementations, which is based on 
reliable broadcasting, is described. Performance 
measurements of this system are given for three 
parallel applications. The measurements show that 
significant speedups can be obtained for all three 
applications. 

Phantom is an attempt to remedy this 
situation by providing an interpreted language and 
run-time environment that supports flexible, 
transparent, and secure distribution of both 
program code and data, while providing enough 
modern programming language features to support 
large-scale application development. The 
interpreter for Phantom is implemented entirely in 
ANSIC for portability, and may be extended with 
C procedures using the interpreter's foreign 
function interface. 

In Phantom, a higher-order procedure is 
stored as a closure containing the code for the 
procedure as well as an environment that maps free 
identifiers appearing in the procedure to their 
corresponding storage locations. These storage 
locations are, in fact, global location addresses. 
Using global location addresses in closures gives 
higher-order procedures an intuitive and secure 
meaning in a distributed context 

Conclusion 

In the nutshell, all parallel programming 
language are direction of machine optimizations. 
Modern processors are both highly concurrent, 
with interrupts and such, and parallel, with 
pipelines and multiple functional units. Languages 
with implicit parallelism reduce the control that 
the programmer has over the parallel execution of 
the program, resulting sometimes in less-than- 
optimal parallel efficiency. Furthermore, a 
programmer that writes implicitly parallel code 
does not need to worry about task division or 
process communication, focusing instead in the 
problem that his or her program is intended to 
solve. Implicit parallelism generally facilitates the 
design of parallel programs and therefore results in 
a substantial improvement of programmer 
productivity. 
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Annotation: The Python programming language has changed so much in recent years that it has 
covered many areas. For example, Python is considered one of the most reliable programming languages 
in the fields of Data Science, Deep learning, Machine learning, AI and web programming. When 
working with data in artificial intelligence, neural networks, and in the above areas, visualization of 
problem solutions helps to visualize the accuracy of the solution. The Matplotlib library helps us to 
create a visual image. In this dissertation, we will focus on how to process an image, how massive it is, 
and how to change the contrast in image processing. 

Keywords: python, matplotlib, opencvpython, jupyter, numpy, pandas, pytorch, array, 
pseudocolor schemas. 

AHHOTAaUMA: 3a MOCIe He POUbI A3bIK IporpamMMupoBanna Python HacTONbKO H3MeHHJICA, YTO 
OXBaTHJI MHO*KecTBO OOsactei. Hanmpumep, Python cuutaetca OJHUM W3 CaMbIX HaJle?KHbIX A3bIKOB 
IIporpaMMupoBaHHA B OOACTAX HayKH O JaHHBbIX, rryOoKoro oOy4deHHA, MallIMHHOrO OOy4eHHA, 
HCKYCCTBCHHOTO HHTesIeKTa HW BeO-mporpammupoBaHna. IIpu paOote c aHHbIMH B HCKyCCTBCHHOM 
HHTeIIeKTe, HEMPOHHBIX CeTAX VM B BbIMeMepe4HCJICHHBIX OOMACTAX BH3YAIM3allUA PeleHHA MpoOeM 
TIOMOraeT BH3yaIM3HpOBaTb TOUHOCTb pelwieHua. buOsmmotexa Matplotlib momoraeT Ham co3qaTb 
BH3YaIbHBIM oOpa3. B 9tToli MuccepTallwH MbI COcpeyOTOUMMCA Ha TOM, KaK OOpaOaTbIBaTb 
H300paxKeHHe, HACKOJIBKO OHO MaCCHBHO UH KaK H3MCHHTb KOHTpactT TIpu OOpadoTKe u300paxKeHuaA. 

K.ro4uespie c10Ba: python, matplotlib, opencvpython, jupyter, numpy, pandas, pytorch, maccus, 
CX€MBI IICeEBJOLBETOB. 


The 21st century is the century of Now let's put the above sequence of actions 
information and communication technologies, we __ into practice. 
cannot imagine our life without technology, the 1. Installing Python and its libraries 
urgency of the problem lies in the fact that there (matplotlib, jupyter): 
used to be black and white photographs, films First, we download the required Python 
without color images, and now, thanks to version from https://www.python.org/. 
programming technologies, the conversion of Let's write the name of Python Packageni 


black and white films and images into the color and find out how to install it. Then download pip3 
format just got a lot easier. Below we will focus on _ install matplotlib and install it in a cmd window. 


how to process not only black and white images, There are several IDLEs available to work 
but also color images, how to change its array with Python, python IDLE, Pycharm, Spyder, 
appearance, appearance and image contrast. Jupyter, and many more environments. 
Installing Python and its libraries The most convenient way to work with 
(matplotlib, jupyter); Matplotlib is with Jupyter. Install Jupyter. After 
Import image data into a Numpy array; we have installed Jupiter, type Jupiter notebook in 
Drawing Numpy arrays as images and the cmd window and press Enter, then the 
Pseudocolor schemes; following Jupiter working window will appear in 


our browser. (Picture 1) 
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c ® locathost:8889/tree mw QQ w 
ca J u pyte r Quit Logout 
Files Running Clusters 
Select items to perform actions on them. Upload Newr & 
ie) ~ @/ Name © Last Modified File size 
© 3D Objects 2 roma HasaQ 
© Contacts 2 roma Ha3saqQ 
© Desktop Yac Ha3sa 
© Documents 2 mMecatiia Hasay 
© Downloads 4 "aca HazaQ 
© Favorites 2 roma HazaQ 
(© JupyterProjects 6 4acoB Ha3say 
© Links 2 roma HasaqQ 
© Music ro, Hasay, 
Picture 1 
Then select python3 from the new section, We import libraries to create the software we 


and we will have a window for writing code _ need. 
(Picture 1). 


(0) localhost:8889/notebooks/Untitled.ipynb?kernel_name=python3 & + 

a Jupyter Untitled Last Checkpoint: 3 munyrti Hasag_ (unsaved changes) & Logout 

File Edit View Insert Cell Kernel Help Trusted| # | Python 30 
+ & ® BR ® & WR BC DP Code v)| 


In [1]: |print ("Hello World”) 


Hello World 


In [1]: %matplotlib inline 


In [2]: import matplotlib.pyplot as plt 
import matplotlib.image as mpimg 


Picture 2 
2. Import image data into a Numpy array: 
img = mpimg.imread('cC:\\Users\\User\\Desktop\\Qor leopardi-.png") 


[CL l0-09411765 0.09411765 0.09411765] 
0.12156863 0.12156863 0.12156863] 
0.10588235 0.10588235 0.10588235] 


ooo 


- 23529412 
-21568628 


(I Il os Bo 


Ane Manel aad 
ws 


1568628 0.2156862 


[[0.13333334 0.13333334 0.13333334] 
[190.14509805 0.14509805 0.14509805] 
[0.08627451 90.08627451 0.08627451] 
[90.22352941 0.22352941 0.22352941] 
[0.21568628 0.21568628 0.21568628] 
[0.21568628 0.21568628 0.21568628]] 

Picture 3 


As mentioned above, each image is _ Since the image is black and white, R, G and B are 
composed of an array of numbers. Pay attention to similar to each other. 


this type - numbers between number and float 32 3. Drawing Numpy arrays as 
(0 and 1). Matplotlib converted 8 bits of data from images and Pseudocolor schemes: 
each channel to floating point data from 0.0 to 1.0. So your data is in an undefined array 


(imported or generated). In Matplotlib, this is 
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done with the imshow () function. This gives us the ten Sed mw Sette & 
ability to display the image and an easy way to ; a 
manipulate it (Picture 4). 


imgplot = plt.imshow (img) 


<matplotlib.image.Axesimage at 0x18485075da0> 


0 


100 


200 


plt.imshow(lum_img, cmap="“hot") 


<matplotlib.image.AxesiImage at 0x18484887be0> 


200 300 400 500 600 


Picture 4. 
You can also create any numpy array. Now 
let's talk about using Pseudocolor schematics in 
drawings. Pseudocolor can be a useful tool for 


* 
- & 
2 


increasing contrast and making data easier to i 

visualize. This is especially useful when 0 100 20 360 400 500 6b0 700 

presenting data with projectors - their contrast is Picture 5 

usually low. Pseudocolor only applies to low Note that you can change color maps in 


luminance single channel grayscale images, our existing objects using the set_cmap() method. You 
image can be processed as follows using the can use clorbar() to see the range of colors. 
following special codes. (Picture 5) 
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USE OF ESIM TECHNOLOGY IN THE SECURITY OF ROBOTIC SYSTEMS 
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Abstract. The application of information security and eSIM technologies in robotic software 
applications is discussed. It helps people in different areas of life and they work for people because it is 
IoT technology and artificial intelligence. eSIM - embedded sim card technology. 

Keywords: intellect, Human Intelligence eSIM, loT,Data, Linear Algebra 


Introduction. 

"The systems that always help people are 
Robotic systems. Science fiction or movies are 
already becoming a reality, and artificial 
intelligence (AI) is gradually expanding and 
finding its place in various areas of human life. It 
is still there to fight humanity. underdeveloped, 
*he said. but it is clear that it is already helping 
places where the human mind cannot 
tolerate.Because it is doing so much. 

The origins of artificial intelligence 

Thoughts create things. Chinese scientists 
have created an artificial intelligence that plays 
chess. Historically, the idea of creating an artificial 
image of man has long been a concern of the 
human mind. In the Middle Ages, people talked 
about the possibility of creating a mechanical 
human-like thinking machine, and chemists 
developed recipes for growing conscious, that is, 
artificial humans in some kind of capsule. After a 
while, a great scientific basis for the possibility of 
creating artificial intelligence emerged. the French 
scientist Rene Descartes developed a mechanical 
theory and created a mechanism. 

It is formed close to modern ideas about the 
functions of artificial intelligence. The English 
mathematician Charles Babbage wrote the concept 
of an analytical machine that could calculate chess 
moves. Leonardo Torres de Quevedo, director of 
one of Spain’s technical institutes, has created an 
electromechanical device capable of playing the 
simplest chess games.. 

Using artificial innteligence in robots 
Systems 

A. Problem solving methods and tools 

B. But the real, “artificial intelligence” 
concept 

It is believed to have originated in the 1930s 
and its creator was the English mathematician 
Alan Turing. In 36, the abstract Turing computer 
he proposed was able to perform a number of 
algorithms correctly, and the computer is still used 
in many theoretical and practical works. Later, in 
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the 1950s, Turing tested the machine and said that 
a computer is faster than a person’s intellectual 
ability. 

C. The term “artificial intelligence” itself 
originated after Turing’s death. He appeared in 56 
during a conference at Dartmouth University in the 
United States that brought together leading 
scholars in the field, and the author was John 
McCarthy. John McCarthy is the founder of 
functional programming and the inventor of the 
Lisp language. Alternatively 

D. was explained in Russia in the mid-1950s 
at a large seminar on "Automation and Thinking" 
with artificial intelligence at Moscow State 
University, led by Professor AA Lyapunov. One of 
the most important achievements of Russian 
scientists at that time was the development of the 
Bark algorithm based on this artificial intelligence. 
In doing so, he simulated brain activity in 
recognizing shapes. 

E. The optimal option to solve the problem 
with an appropriate interface 

In 1965, Joseph Weisenbaum of the 
Massachusetts Institute of Technology created a 
computer program called Eliza that performs 
simple dialogues. For information, the same goes 
for the Alice or Sahiya program created in 
Uzbekistan. This is the first modern chatbot. 
Developed by researchers at the University of 
Edinburgh in 73, the Freddie robot used artificial 
intelligence to find and assemble models. And in 
79, another prototype of it appeared at Stanford. In 
the mid-1990s, a new interest in A.I. Perhaps the 
most famous achievement of the era was the 
victory of the IBM Deep Blue supercomputer over 
97-year-old world chess champion Harry 
Kasparov. 

However, no matter what the developers 
have achieved, even if the computer is always well 
versed in solving some problems, it does not mean 
that this machine is really independent thinking, as 
many modem scientists believe. Artificial 
intelligence is a set of methods and tools for 
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solving various complex practical problems using 
principles and approaches similar to human 
thinking. Today, we’re talking about programs that 
typically collect data and learn to classify them, 
recognize images, text, audio files, and more, and 
perform a given task better and better each time. 
That is, about artificial intelligence. 

Electrical systems 

The concept of teaching artificial 
intelligence in a small case, rather than suddenly 
creating a “smart big robot,” was born in the 
Turing era. Machine learning (ML) is designed to 
identify something else that is not included in the 
set of examples used for computer training, but has 
the same features. For example, one of the key 
technologies for the successful application of 
machine learning methods is artificial neural 
systems. 

Mathematic Model 

Input dataset. X (x) output dataset filter: 

X2 (x) = X (x)/2 -a * X (x-1)/2 

Here, X2 (x) — output 

Linear Functions 

A Function is special relationship where 
each input has an output. 

A function is often written as f(x) where x is 
the input: 
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eSIM is a standard developed by GSMA, 
which allows you to store multiple carrier profiles 
on a single built-in electronic device (chip) and 
connect devices to a mobile connection without 
physical SIM cards. In this case, subscriber 
profiles of certain operators can be uploaded to 
eSIM via the network (Internet). eSIM is derived 
from the English word "embedded SIM", which in 
Uzbek means "embedded SIM". The introduction 
of the ESIM standard simplifies the process of 
connecting tablets, smartwatches, fitness 
bracelets, robotic systems, portable health systems 
and other devices to the mobile network. The first 
products with ESIM-support have entered the 
market and we can expect new applications this 
year. Currently, the eSIM standard works in the 
US and South Korea. A total of 20-25 million 
people use eSIM-devices. 


Matrix Tensor 
sears | i 2.3 456 
456 456 23 


Mini-SIM Micro-SIM 


Nano-SIM 


Height 25 mm 


Wight 25 mm 
Thickness 0.76 mm 


Height 15mm Height 2.3mm 


‘Wight 8.8mm 
Thickness 0.67 mm 


Helght 6.0mm 


Wight 12mm Wight 5.0mm 
Thickness 0.76 mm Thickness 0.67 mm 


Mini SIM card 

These form factor cards were the next step in 
the development of the SIM module. The mini 
SIM card, which is smaller than previous types of 
cards, has not changed for many _ years. 
Dimensions - 25x15x0.76 mm. The mini-SIM card 
can be inserted into the body of the mobile phone, 
it can store up to 250 contacts, as well as 
information about the mobile operator and the 
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subscriber. So far, some smartphones and most 
button phones use a mini SIM card. 

Micro SIM card 

Micro SIM cards are smaller than mini SIM 
cards. Such cards are also called 3FF. In this case, 
the number 3 indicates that this type of SIM-card 
belongs to the third generation modules. We have 
already mentioned the first and second types of 
SIM-cards. The micro SIM card measures 
15x12x0.76 mm, and the inventors cut out the 
unnecessary space around the card, leaving only 
the contact chip that connects to the phone. Most 
mobile phones manufactured a year or two ago use 
this type of card. 

Nano SIM card 

The smallest and at the same time the most 
popular type of SIM-card available today. The 
12.3 x 8.8 x 0.67 mm Nano SIM card (4FF) was 
approved by the European Telecommunications 
Institute in October 2012. Operators also offer 
MultiSim cards, which combine mini, micro and 


nano SIM-cards for the convenience of 
subscribers. 
The Algorithm of Software. 


PC starts test automation, triggers the 
program on Robot controller to pick 
up the device. 


PC triggers the test automation to 
launch the 3D reconstruction app in 
phone while robotic arm is holding 

it. 


Robotic anm moves the test device to 
the scanning position facing the test 
object depends on the object size and 
scanning distance. 


Test script selects the software 
settings and triggers the 3D scan 


Robotic arm lifts the device up 
and down for scanning top of the 
object. 


Test script stops the scan, 
generates the 3D model and saves 
it 


yes 
Verify 3D model and evaluate 
results. 


+ 


Stop Program 
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Programming tools used to create a 
program 

Conclusions 

The software is developed in Visual Studio 
2019 C # WinForms environment. We used eSIM 
technology and raspberry in our program. We used 
ESP8266 WiFi Transceiver ESO32 GPIOs for IoT 
technologies in control systemsLibrary Collection: 

O For consideration in the treatment 
of ESP32 problems 

O How to implement ESP32 access 
point (AP) for web server 

O ESP32 Static / Fixed IP Address 

O Get and change ESP32 / ESP8266 
MAC address (Arduino IDE) 

O ESP32 (OTA) programming 
Arduino IDE web update 

O Working with solar panels ESP32 / 
ESP8266 (includes battery management) 

fe) Alexa (Echo) with ESP32 and 
ESP8266 - Voice-controlled training 

O An ESP32 file system boot device 
on an Arduino IDE 

fo) ESP32 NTP client server: Get date 
and time (Arduino IDE) 

O Publish ESP32 Sensor Readings on 
Google Sheets (ESP8266 compatible) 

O ESP32 Temperature Limit Email 
(Web server costs) 

O Ensuring the operation of All-in- 
One ESP32 weather stations 

O ESP32 IoT Shield PCB with 
instrument panel for output and sensors 
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THE IMPORTANCE OF MONITORING IN THE MANAGEMENT OF SOCIO-ECONOMIC 


PROCESSES IN SELF-GOVERNMENT BODIES. 
M.F. Ibragimov',O.K. Xujaev’, X.J. Rahimboey? 
‘23 Urgench Branch of The TUIT named After Muhammad Al-Khwarizmi 

Annotation: The article discusses the problem of creating a model and algorithm to support 
the importance of monitoring in the management of socio-economic processes in self-governing 
bodies, decision-making in self-governing bodies through machine learning. Models and algorithms 
for the decision-making process in the digital form, consisting of independent data, quantitative 
parametric assessments, self-government activities and general expert assessments of self- 
government bodies, will be studied. . This model is used to quantify a generalized expert assessment 
of the condition of an object for a new self-governing body, which is interpreted as a proposed 
solution for improvement. 

Keywords: Expert, body, monitoring, object, indicators, criteria 

Annotatsiya: O‘z-o‘zini boshqarish organlarida ijtimoiy-iqtisodiy jarayonlarni boshqarishda 
monitoringni ahamiyatini magolada go'llab-quvvatlash uchun model va algoritm yaratish muammosi 
muhokama qilinadi, mashinani o'rganish orqali o'zini o'zi boshqarish organlarida qarorlar qabul 
qilish. Mustagil ma'lumotlar ragamli shakldagi parametrik baholashlardan iborat o'zini o'zi 
boshqarish organlari faoliyati va o'z o'zini boshqarish organlarining umumiy ekspert baholaridan 
iborat raqamli shaklda ham qaror qabul qilishni qo'llab-quvvatlash jarayoni uchun model va 
algoritmlar o’rganiladi. Ushbu model yordamida raqamli shaklda umumlashtirilgan ekspert bahosi 
aniqlanadi takomillashtirish bo'yicha taklif qilingan yechim sifatida talqin etiladigan yangi o'z o'zini 


boshgarish organi uchun ob'ektning holati o’rganiladi. 
Kalit so’zlar: Ekspert, organ, monitoring, ob’ekt, indikatorlar, mezon 


Kirish: Boshqaruv garorlarini qabul qilish 
bugungi kunda dolzarb mavzudir, chunki samarali 
va muammosiz tashkilotning ishlashi uchun 
boshqaruv garorlarini to'g'ri va o'z vaqtida qabul 
qilish kerak. Hozirgi vaqtda qaror qabul 
qiluvchilar tobora ko'proq ma'lum bir vaziyatda 
ma'lumotlar tahliliga asoslanadi va sezgi asosida 
qaror qabul qilishdan uzoqlashmoqda. Boshqaruv 
qarorini konkretlashtirish modelini qurish unda 
tadbirlar ro'yxati, ularni amalga oshirish usullari, 
muddatlari va ko'rsatilgan harakatlar chegaralari, 
ijrochilar doirasi, shuningdek, rejalashtirilgan 
natijalar va ularni baholash mezonlari. 

Aholi turmush sifatini oshirish bilan birga, 
hududni rivojlantirish uchun ham o‘zini o*zi 
boshqarish organlari sifatida rahbarlar 
mamlakatning iqtisodiy va ijtimoly holatiga 
alohida e’tibor garatishlari zarur. [1] 

Tadqigot ob'ekti o'zini o'zi boshqarish 


organlari, mavzu esa O‘z-o‘zini boshqarish 
organlarida ijtimoly-iqtisodiy jarayonlarni 
boshqarish monitoringidir asosiy  vazifa 


quyidagicha mashinasozlik, o'zini o'zi boshqarish 
organlari faoliyat sohalaridagi rivojlanish holatini 
ragamli baholash va raqamlar bilan ifodalangan 
mutaxassislarning tegishli qarorlari o'zini o'zi 
boshqarish organlari uchun qaror qabul qilish. 
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Jamiyatning zamonavly rivojlanish davrida 
o‘z-o‘zini boshqarish organlarida ijtimoiy- 
iqtisodiy jarayonlarni boshqarish va yechim qabul 
qilishda ma’lumotlarning ahamiyatini keskin 
oshishi bilan xarakterlanadi. O‘z-o‘zini boshqarish 
organlarining turli soha va tarmoqlari kechayotgan 
jarayonlar hagida dolzarb~ va __ ishonchli 
ma’lumotlarning mavjudligi mahalla va undan 
yirik ma’muriy xududlarni rivojalantirish uchun 
samarali boshqaruvni tashkil etishning muxim 
sharti xisoblanadi. Shuning uchun 0’z-oz’ini 
boshqarish organlari faoliyatini monitoringlash 
boshgaruv jarayonida to’g’ri qarorlarni qabul 
qilishda muhim rol o’ynaydi. Umumiy xolda 
monitoringni biror jarayonni kutilayotgan yoki 
belgilangan natijaga mos kelishligini aniqlash 
magsadida doimiy kuzatib borilishi deb qarash 
mumkin. 

Monitoring — bu ob’ektlarlar, xodisalar va 
jarayonlarni baholash, nazorat etish yoki 
bashoratlash maqsadida maxsus tashkil etiladigan 
tizimli kuzatuv jarayonidir[]. Monitoring amaliy 
qo‘llaniladigan asosiy soha — bu _faoliyat 
sohasidagi boshgaruvni axborot bilan 
ta’minlashdir. Monitoring nazorat etish va yechim 
qabul qilishning muhim tashkil etuvchilaridan biri 
xisoblanadi. Monitoring murakkab va _ ko‘p 
qiymatli jarayon bo‘lib turli sohalarda va turli 
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maqsadlarda_ qo‘llaniladi. Monitoring  qaysi 
maqsadda va qaysi sohada qo‘llanilnilishiga 
qaramasdan bir xil xossalarga va sifatlarga ega 
bo‘ladi hamda shu bilan birgalikda monitoringni 
turli faoliyat sohalarida go‘llash tajribasi va 
intensivligi turlicha darajaga ega. 

Monitoringning muhimligi quyida sanab 
o‘tiladigan funksiyalari bilan aniqlanadi[2]: 

- O'rnatilgan ko‘rsatgichlar tizimi 
(indikatorlar) asosida boshgaruv ob’ektining 
xolatini kuzatish; 

- Boshqaruv ob’ekti faoliyatining xaqidagi 
joriy qayd qilingan ma’lumotlarning kutilayotgan 
natijalardan chetlashishi aniqlash; 

- Ob’ekt xolatini va boshqaruvdagi 
muammolarni aniqlash magqsadida _ tashxiz 
o‘tkazish va olingan natijalar asoisda yechim 
qabul qilish; 

- O'z-o*zini boshqarish organining 
faolyaitini normallashtirish va samaradorligini 
oshirish uchun operativ boshqaruv yechimlarini 
taklif etish; 

- Tashkilotni rivojlantirishning magsad va 
ko‘rsatgichlariga joriy tuzatishlar kiritish. 

O‘tkazilgan monitoring boshqaruv 
organining rahbariga salmoqli yordam ko‘rsatishi 
uchun monitoringni ilmiy asoslangan usullar va 
amaliyotda go‘llash uchun mos usullarda tashkil 
etish zarur. Monitoringni ishlab chigqish uchun 
dastlab o‘rganilayotgan ob’ektning, ya’ni joriy 
xolatda o‘z-o‘zini boshqarish organlarining 
ko‘rsatgichlarini (indikatorlari) aniqlab  olish 
zarur. 

Monitoring boshqaruv funksiyasini 
bajarishda faqat axborot bazasi vazifasini emas, 
balki uning o‘zi boshqaruvning umumiy 
funksiyalari yordamida amalga oshadi. Bundan 
shu narsa kelib chiqadi, ya’ni monitoring yechim 
qabul qilish va boshqaruvning rejalashtirish, 
tashkil etish, nazorat kabi boshqa funksiyalarini, 
amalga oshirishda asos bo‘lib xizmat qiladi va 
birinchi navbatda murakkab bo‘lgan ijtimoty 
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tizimda rejalashtirish va optimal yechimlarni 
qabul qilish uchun sharoit yaratadi. 

Monitorinig tizimini shakllantirish uchun 
dastlab doimiy kuzatib borish uchun o‘z-o‘zini 
boshgarish ob’ekti faoliyati yo‘nalishini aniqlab 
olish kerak. Keyin olingan axborotlarni baholash, 
molishtirish va taxlil gqilish uchun mezonlar 
(indikatorlar) aniqlab olinishi lozim. Monitoring 
ob’ekti (monitoring sohasi) tashqi va ichki 
muhitning asosiy tashkil etuvchilari, tizmidagi 
aloqalardan iborat bo‘ladi. 

Tanlangan mezonlar (indikatorlar) asosida 
tadqiqot ob’ektining dastlabki xolati aniqlab 
olinadi. Bundan~ keyingi muhim _ vazifa 
axborotlarni to‘plash usullarini aniqlashdan iborat. 
Har bir ma’lum xolatda tez, kam urinishlar bilan, 
to‘liq xajmdagi va _ ob’ektiv  axborotlarni 
to‘plashga imkoniyat yaratuvchi usul tanlanadi. 
Monitoring natijasida olingan axborotlar yechim 
qabul qilish qulay __ bo‘lgan shaklga 
o‘zgartiriladi.[3 | 

Boshqarish va yechim qabul qilish nazarida 
monitoringni tashkil etish va uni o‘z-o‘zini 
boshqarish oragnidagi keyingi faoliyati puxta 
yondoshuvni talab etadi. Monitoringni 
muvaffaqiyatli tashkil etish uchun quyidagi zarur 
shartlar xisoblanadi.[4] 

- Mezonlar tizimini yaratish (indikatorlar); 

- Axborotlarni to‘plash usullarini aniqlash; 

- Olingan ma’lumotlarni — davriyligini 
belgilash; 

- Monitoring ma’lumotlarini yig‘ish va 
tizimlashtirish uchun ma’sullarni belgilash. 

- Monitoringni amalga oshishini nazoratini 
etish; 

- Monitoring ma’lumotlarini qayta ishlash 
va qo‘llash uchun qulay shaklda rasmiylashtirish. 

Monitoringni tashkil etish jarayonining va 
uni o‘z-o‘zini boshqarish organlarida yechim 
qabul qilish hamda rejalashtirishda qo‘llashning 
umulashgan xarakteristkasi quyidagi rasmda 
keltirilgan. 
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1-rasm. O’zini 0’zi boshqarish jarayonida mahalla va hokimiyat organlarining 
malumotlarining monitoring qilish 
Dastlabki malumotlarni birlamchi gqayta aholining asosiy ijtimoiy guruhlari moliyaviy 
ishlash va faoliyat sohalari bo’yicha monitoring daromadlari va harajatlarining umumiy hajmi, 
ko’rsatkichlarini shakillantirish usullari aholi aholining ijtimoiy tabaqalanish ko’rsatkichlari va 
turmush darajasi va rivojlanishi davlat siyosati boshqalar.[5] 
samaradorligini baholashning eng muhim Aholining turmush darajasi deganda 
mezonlaridan  biridir.Asosan aholi turmush  odamlarning zarur moddiy va ma’naviy ne’matlari 
darajasi va_ rivojlanshini baholash tannarx _ bilan ta’minlanganlik darajasi,ularning iste’ mol va 
ko’rsatkichlari orqali  aniqlanadi.Aholi va _ ehtiyojlarini qondirish darajasi tushiniladi.[6] 
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Turmush darajasi bu: 

-Tor  ma’noda~ aholi — ehtiyojlarini 
qondirish,ehtiyojni daromad va xarajatlar bilan 
ta’minlash tushiniladi; 

-Keng ma’noda insonning — rivojlanish 
darajasini (sog’lig’ining _holati,ehtiyojlarni 
qondirish) va uning yashash sharoitlarining (atrof- 
muhit,xavsizlik masalalari) anglatadi. 

Odatda aholining turmush 
quydagicha tasniflanadi: 

- To’liqhk (insonni barkamol rivojlanishini 
ta’minlaydigan imtiyozlardan to’liq foydalanish 
qobiliyati); 

-Me’yoriy daraja (insonning jismoniy va 
intekektual gobiliyatlarini takror ishlab chiqarishni 
ta’minlovchi iste’molning ilmiy asoslangan 
oqilona darajasi); 

- Qashshoqlik (mehnatni takror  ishlab 
chiqarishda moddiy nematlardan quyi chegarada 
foydalanish imkoniyati); 

Aholini turmush darajasi moddiy, ma’naviy 
va ijtimoiy ehtiyojlarini gqondirish  darajasi 
sifatidagi qarash mumkun. 

Tanlangan mezonlar (ko'rsatkichlar) asosida 
o'rganilayotgan ob'ektning dastlabki holatini 
aniqlash kerak. Keyinchalik, tashkilot 
faoliyatining o'rganilayotgan — yo'nalishining 
rivojlanishini tahlil qilish va prognozlash amalga 
oshiriladi. Boshqaruv tizimida monitoringni 
yaratish va uning keyingi faoliyati ehtiyotkorlik 
bilan yondashishni talab qiladi. Muvaffaqiyatli 
monitoring uchun zarur shartlar quyidagilar[7]: 


darajasi 


-mezonlar (ko'rsatkichlar) tizimini yaratish; 
-ularni yig'ish usullarini aniqlash; 
-ma'lumotlarni olish chastotasini belgilash; 


-monitoring ma'lumotlarini to'plash va 
tizimlashtirish uchun masul shaxslarni tayinlash; 

—monitoringning oshirilishini 
nazorat qilish. 

Shakllangan monitoring — ko'rsatkichlari 
tizimi holatini har tomonlama va _ chuqur 
tushunishni ta'minlaydi, shuningdek, samarali 
boshgaruvga yordam beradi. Amalga 
oshirilayotgan monitoringni — rivojlanishining 
holati va dinamikasini qiyosiy tahlil qilish, 
transformatsiya jarayonlarini aniqlash, 
shuningdek, boshga hududlar va_ respublika 
o'rtacha ko'rsatkichlari bilan taqqoslashni 
ta'minlaydi iqtisodiy va ijtimoiy muammolari 


amalga 
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o'rtasidagi farq monitoring ko'rsatkichlarini 
magqsadli tanlashni talab qiladi. Shunda_ ular 
ma'lum bir holatiga, uning  rivojlanishiga, 
yo'nalishiga va boshqalarga mos keladi. Yuqorida 
aytilganlarga asoslanib, monitoringning asosiy 
yo'nalishlarini aniqlash mumkin[8]: 


-monitoring qilinadigan aniq ko'rsatkichlar; 


-ularning monitoringi 
taqdim etish muddatlari; 


-ushbu ko'rsatkichlarni 
qo'llaniladigan usullar; 


muntazamligi va 


yig'ishda 


—taqdim etilgan axborot turi; 


-o‘z xizmat vazifalariga muvofiq aniq 
ma’lumotlarni to‘plash, axborotni taqdim etish 
holati, sifati va muddatlari uchun javobgarlik 
yuklatilgan mansabdor shaxslar. 

Misol tariqasida P.A.Orexovskiy tomonidan 
ishlab chigilgan shahar va qishloqlarning ijtimoiy- 
iqtisodiy jarayonlari monitoringini tashkil etish 
uchun zarur aholi, uy-joy fondi va muhandislik 
kommunikatsiyalari, qurilish inshoatlarining 
xususiyatlari o’rganilgan.[9] 

Uning ishlarida aholi turmush darajasini 
oshirishning hududlarning — ijtimoiy-iqtisodiy 
rivojlanishiga bog’ liqligi, xizmat ko’rsatish sohasi 
rivojlanishining aholi turmush  darajasining 
oshishiga ta’siri ko’ proq tadqiq qilingan. 

Xalqaro tajribaga ko’ra,hayot darajasi va 
sifatini tahlil qilish uchun 12 ta ko’rsatkichlari 
o’rganiladi [10]. 

1.Tug'ilish, 
ko'rsatkichlar. 

2.Sanitariya-gigiyenik turmush sharoiti. 

3. Oziq-ovqatga bo'lgan ehtiyoj. 

4. Yashash sharoitlari. 

5. Marfiy va madaniy hayot. 

6. Mehnat sharoitlari va bandlik. 

7. Daromadlar va xarajatlar. 

8. Xarajatlar va iste’mol baholari. 

9. Transport va aloga vositalari. 

10.Vaqt va dam olishni tashkil etish. 

11. Ijtimoty ta'minot. 

12. So'z va shaxs erkinligi. 

Hududda ta’lim faoliyatini rivojlantirish, 
ta’lim olish uchun qulay shart-sharoit yaratish, 
shuningdek, ta’lim sifatini ta’minlashda ta’lim 
muassasalariga har tomonlama ko‘maklashish 
mahalliy o‘zini o‘zi boshqarish organlarining 
asosiy vazifalaridan hisoblanadi. Umuman 


o'lim va demografik 
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olganda, hududagi ta'lim faoliyati monitoringini 5 
toifaga bo'lish mumkin [11]. Bular: 

talabalar va _ bitiruvchilarning o'quv 
natijalari sifati ko'rsatkichlari; 

- umumiy va qo'shimcha ta'limni tashkil 
etish ko'rsatkichlari; 
ta'‘lim 
ko'rsatkichlar; 

- bolalar va o'smirlarning ijtimoiylashuvi 
bilan bog'liq ko'rsatkichlar; 


sharoitlari bilan — bog'liq 
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o'quvchilar salomatligini saqlash va 
mustahkamlash bilan bog'liq ko'rsatkichlar. 

Xulosa qilib mazkur magqolada 
ma’lumotlarni intellektual taxlillash nuqati 
nazarida monitoringlash masalasining maqsadi, 
uni boshqaruv jarayonidagi ahamiyati, mahalla 0’z 
o’zini_ boshqaruv' oragani_ sifatida unda 
monitoringlash masalasi va uni ahamiyati, undagi 
mezon va ko’rsatkichlarni shakllantirish bo’ yicha 
amalga oshirilgan tadqigotlar natijalari taxlil qilib 
o’tildi. 
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PROBLEMS OF INTEGRATION OF PEDAGOGICAL SOFTWARE WITH CLOUD 
TECHNOLOGIES (EXAMPLE OF M-LEARN) 
To ‘ychi Norbutayevich Jo ‘rayev, 
Qarshi davlat universiteti, 


e-mail: jurayevtuychi @ gmail.com 
Annotation. The article discusses the problems and solutions to ensure the integration of 
pedagogical software with cloud technologies using examples from mobile educational programs that 


are currently used in practice. 


Key words and concepts: education, cloud technologies, interactive, assessment, assimilation, 
textbook, staff, program of questions, test, crossword, result, motive, format, multimedia 

AnHoTauna. B ctaTbe paccMaTpHBaloTca MpOOsIeMBI HW pellleHua 10 OOecleyeHuto HHTerpallHu 
Teqarormyeckoro IporpaMMHoro oOecreyeHHaA Cc OONaYHbIMH TeXHOJIOTMAMM Ha TIpHMepax v3 
MOOWIJIBHBIX OOPa30BaTeJIbHbIX IIPOrpaMM, KOTOPbIle B HaCTOMIee BPCMA HMCIIOMb3YIOTCA Ha IpakTuKe. 

K.s04eBo0e C10Ba HW HOHATHA: OOpa30BaHHe, OOadHbIe TEXHOJIOIMU, HHTepakTHB, OI|eHHBaHHe, 
ycBoeHHe, y4eOHHK, MepcoHasl, IporpaMMa BOIIpOcoB, TeCT, KPOCCBOpPA, pe3yJIbTaT, MOTHB, PopMar, 


MYJIBTHMe ja. 


Annotatsiya. Magqolada pedagogik dasturiy vositalarning bulutli texnologiyalar bilan 
integratsiyasini ta’minlash muammolari va yechimlari ayni vaqtda amaliyotda bo‘lgan mobil ta’lim 


dasturlari misolida misollar bilan ko‘rsatib berilgan. 


Tayanch so‘z va tushunchalar: ta’lim, bulutli texnologiya, interfaol, baholash, o‘zlashtirish, 
darslik, kadr, savol dastur, test, krossvord, natija, motiv, format, multimedia 


Kirish. Hozirgi kunda yoshlar ta’lim- 
tarbiyasida zamonaviy pedagogik texnologiyalarni 
joriy etish orgali barkamol avlodni voyaga 
yetkazish ta’lim tizimida faoltyat olib borayotgan 
har bir o‘qituvchining vazifasi qolaversa burchi 
hisoblanadi[1]. 

Mobil ta’limning afzalliklari quyidagilardir: 


1. Talim oluvchilarga joyni_ erkin 
o‘zgartirish imkoniyatini beradi; 
2 Imkoniyati cheklangan ta’ lim 


oluvchilarga mobil vositalardan foydalangan 
holda o‘qish imkoniyatini beradi; 3. Shaxsiy 
kompyuter va qog‘ozli o‘quv adabiyotiga ehtiyoj 


bo‘lmaydi; 
4. Zamonaviy simsiz  texnologiyalar 
yordamida foydalanuvchilar orasida o‘quv 


resurslar tarqalishi yengillashadi (WAP, GPRS, 
EDGE, Bluetooth, Wi-F1); 

5. Mobil  o‘qitishda = multimediyali 
kontentdan foydalaniladi, ya’ni, axborotlar turli 
shakllarda ifoda etiladi: matnli, grafik, ovozli[2]. 

Respublikamizda mobil ta’lim mavzusi 
bo‘yicha ilmiy izlanishlar olib borilmoqda, ammo 
amaliy ish borasidagi ahvol qoniqarli darajada 
emas va buning§ sabablarini asosan_ veb- 
dasturchilarning yetishmasligi bilan izohlash 
mumkin. Bulut texnologiyasi asosida bilimni 
baholash uchun tayyorlangan o‘quv materiallar 
(test, blits-savollar) ma’lumotlar bazasini va 
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baholanganlar axborotlarni 
mumkin bo‘ladi. 

Hozirgi kunda bizning Respublikamizda 
mobil ta’limni joriy  etish muammolari 
quyidagilar: 

pedagogik mobil dasturiy vositalarining 
o‘zbek tilida mavjud emasligi; 


haqidagi saqlash 


mobil ta’limni joriy etishdagi turli to‘siqlar; 
ilovalarning shaxsni qayd _ etishdagi 
muammolari; 


mobil ta’limni jorty etish uchun metodik 
ishlanmalarning yetishmasligi; 

mobil ta’ limda bilimni 
muammolari. 

Magsad. Tadqigotimizda mobil ta’lim 
uchun shaxsni identifikatsiyalash va _ bilimni 
baholash jarayonlarini tashkil etishda bulut 
texnologiyasining imkoniyatlaridan foydalanish 
metodikasini ko‘rib chigamiz. 

Ushbu magolada taklif etilayotgan yechim 
mobil-ilovalarni tayyorlash  usullarida  bulut 
texnologiyasidan foydalanish algoritmlari va 
dasturni tashkil etuvchilari haqida bo‘lib, oliy 
ta’lim tizimining bakalavriat ta’ lim yo‘nalishlarida 
o‘qitiladigan “Ta’limda axborot texnologiyalari” 
fani misolida ko‘rsatib beriladi. 

Dasturchi mobil ilovalarni tayyorlashda 


baholash 


birinchi qadamni _—_ dasturning tuzilishini 
rejalashtirishdan  boshlashi lozim. Bunda 
«) a 
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fanlardagi soatlardan kelib chiqqan holda yuqorida 
ta’kidlanganimizdek dasturning ixcham bo‘lishi 
maqsadga muvofiq. 

Bu masalada hozirgi kunda dunyo olimlari 
tomonidan taklif etilayotgan yechim  bulut 
texnologiyasi hisoblanadi. Bizga ma’lumki, 
ko‘pgina qidiruv tizimlari, ijtimoiy tarmoqlar 
foydalanuvchilarga bulut xizmatidan 
foydalanishni taklif etadi. Biz ham _ taklif 
etilayotgan mobil-ilovada Google  qidiruv 
tizimining bulut xizmatidan  foydalandik. 
Google’ning mobil o‘qitish tizimi mavjud 
bo‘lganligi sababli ko‘pgina ta’lim materillarini 
avtomatik tarzda qo‘llab quvatlaydi. 

Mavzu bo‘yicha boshgqa olimlar ilmiy 
asarlari gqisqacha tahlili. Mobil — ta’limni 
loyihalash muammolarini tadqiq etish bo‘yicha 
O. Viberg [9], A.Y. Jawarneh [10], A.Al-Adwan 
[11], mobil ta’limni jority etish muammolari 
bo‘yicha, T.L. Irby [12], Abu-Al-Aish, Ahmad 
[13], J. Bidarra [14], A. Alowayr [15] kabi olimlar 
ilmiy izlanishlar olib borishgan. 

Mobil ilovani yaratishda dasturlash tillarida 
kod yozish shart emas. Hozirgi kunda dasturlash 
sohasida ham on-line xizmat ko‘rsatuvchi veb- 
serverlar mavjud va _ bularga _ truncable, 
appinstitute, appinventer kabilarni = misol 
keltirishimiz mumkin. Bu dasturlash tillarida ilova 
yaratishga qaraganda ancha soddaligining sababi 
tizimda amaliyot faqat algoritmik blok sxemalar 
orqali amalga_ oshiriladi. Biz tadqiqotda 
foydalangan mobil-ilovani yaratishda appinventer 
veb-serveridan foydalandik. 

Tadqiqotda go‘llanilgan usullar. MIT 
App Inventor—bu intuitiv, vizual dasturlash 
muhiti bo‘lib, tizim barcha foydalanuvchilarga 
algoritmik blok-sxemalar yordamida dasturlarni 
yaratish imkonini beradi. MIT App Inventor uchun 
yangi foydalanuvchilar birinchi dasturini qisqa 
vaqt ichida yaratib, tayyorlangan ilovani ishga 
tushirishlari mumkin. Bundan tashqari, bloklarga 
asoslangan vositalar an’anaviy  dasturlash 
muhitlariga qaraganda ancha kam vaqt ichida 
murakkab va yugori darajali dasturlarni bloklar 
yordamida yaratishi mumkin. 

Ushbu _ vositaning = qiziqarli_ tomoni 
shundaki, u vizual blokli dasturlarga asoslangan 
bo‘lib, biz hech qanday kodsiz dastur tuzishimiz 
mumkin. U vizual blokli dasturlash deb ataladi, 
chunki foydalanuvchi dastur yaratishda buyruq 
belgilart va hodisalarni boshgarish funksiyalari 
sifatida tanilgan “blok’ni ko‘radi, ishlatadi, 
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tartibga soladi [3; 1474-b]. Bulut texnologiyasi 
asosida bilimni baholash uchun tayyorlangan 
o‘quy materiallari (test, blits-savollar) va 
baholanganlar haqidagi axborotlar o‘qituvchi 
akkauntiga ajratilgan virtual xotirada qayd etiladi 
va saqlanib boriladi. Tadqiqotimizda mobil ta’lim 
uchun bilimni baholash jarayonini tashkil etishda 
bulut texnologiyasining imkoniyatlaridan 
foydalanish metodikasini ko‘rib chiqamiz. 

Tlovalarni ishlab chiqish jarayoni an’anaviy 
dasturiy ta’minotni ishlab chigish jarayonidan 
unchalik farq qilmaydi. Ammo, agar biz Android 
SDK va Java dasturlash tajribasi yetishmayotgan 
ishlab chiquvchilarga ega loyiha jamoasi bilan 
Android dasturlarini tezroq rivojlantirsak, bu 
dasturlarni ishlab  chiqarish samaradorligini 
oshirishga katta hissa qo‘shadi [5; 4-b]. Virtual 
veb-dasturlash imkoniyatidan foydalanish uchun 
maxsus forumlar tashkil etilgan bo‘lib, bu ijtimoiy 
muhokamalarda tayyorlanadigan mahsulot haqida 
fikrlar, kamchiliklar va tavsiyalarni foydalanuvchi 
bilib olishi mumkin. 

Tlovani samarali ishlashi uchun ba’zi o‘quv 
materiallari tugmalar orgali bulutdan chaqirib 
olinadi. Bu esa ilovani operativ va doimiy 
xotiradan kamroq joy band etishi uchun xizmat 
qiladi. Mobil-ilova ma’ruza matnlari, amaliy dars 
ishlanmalari, interfaol test, muallif haqida 
ma’lumot kabi ma’lumotlardan tashkil topgan. 
Tlovada bilimni baholash jarayoni global tarmoq 
yordamida amalga oshiriladi va uning natijalari 
bulutda saqlanadigan jurnalda qayd etib boriladi. 


Natijalar va amaliy misollar. Bulut 
texnologiyasi hozirgi kunda_ virtual  xotira 
xizmatidan tashqari virtual dasturlash  tillari 


yordamida jarayonlarni avtomatlashtirish uchun 
bulutli algoritm bloklari yordamida dasturlash 
imkoniyatlarini yaratib bermoqda. 

Ushbu ilmty tadqiqot ishida mobil ta’limda 
bulut texnologiyasidan foydalanish usullarini 
amalda ko‘rsatib berishga harakat qilamiz. 


Bulut —_texnologiyasida ma’lumotlar 
bazasi(MB)ni yaratish va gayta ishlash tartibini 
amalga oshirish uchun 
http://console.firebase.google.com manziliga 


google saytidagi akkaunt bilan kirish va quyidagi 
amallarni bajarish kerak bo‘ladi. 
e Bulut xizmatining ta’riflari ichidan 
foydalanuvchi o‘ziga keraklisini tanlaydi. 
eBulut xizmatini ko‘rsatuvchi veb- 
sahifadan yangi loyiha qo‘shish va 
nomlash vazifasi bajariladi. 
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eBulut ma’lumotlarni tahlil qilish, 
Firebase Crashlytics, bulutli xabarlar, ilova 
ichidagi xabarlar, masofaviy 
konfiguratsiya, sinovlar, bashoratlar va 
bulutli funksiyalarda maqsadlarni aniqlash 
va hisobot berish uchun bepul xizmat 
ko‘rsatishini eslatma sifatida 
foydalanuvchiga ko‘rsatadi va tanlovni 
tasdiqlash kerak bo‘ladi. 
eYakuniy bosqichda bulutli xizmat 
uchun tanlangan akkaunt egasi shartlarga 
roziligini tasdiqlashi va ishni tugatish 
buyrug‘i orgali vazifa to‘liq bajariladi. 
Bulut xizmatidan samarali foydalanish 
uchun mobil-ilovaning ba’zi funksiyalarini bulut 
tizimiga yuklash amaliyoti mavjud bo‘lib, bu 
haqda ilmiy tadqigotlar olib borilgan, ammo mobil 
ta’lim uchun hozirgi kunga qadar o‘zbek tilida 
o‘quv-uslubiy material ishlab chiqilmagan (faqat 
ta’lim bozori uchun virtual ilova do‘konlarida 
mobil ta’lim uchun ilovalar, o‘yinlar, lug‘atlar 
taqdim etilgan). 
Foydalanishimiz mumkin bo‘lgan bulut 
texnologiyasini mobil-ilovaga bog‘lash amaliyoti 
quyidagi tartibda amalga oshiriladi. 
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1. Bulut xizmatidan “Cloud Firestore” 
sahifasini ishga tushiramiz va _ regulations 
darchasida ilovaning MB _ bilan  bog‘lovchi 
quyidagi dastur kodini kiritamiz: 


tules_version =‘2'; 
service cloud.firestore { 

match /databases/{ database }/documents { 
match /{document=**} { 

allow read, write: if false; 

} 

} 


2. “Realtime Database” sahifasini ishga 
tushirib regulations darchasida ilovaning MB bilan 
bog‘lovchi mantiqiy hisoblash kodlarini kiritamiz. 

{ 

/* Visit 
https://firebase.google.com/database/security to 
learn more about security reles. */ 


"rules": { 
"read": true, 
" write": true 


+ VUcnonbayiite naxket Local Emulator Suite ana npoToTunupoBaHua M TeCTMpoBaHna NpunorKeHni. © 
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1-rasm. Bulutda MB havolasining 
darchasi. 

3. Natijada virtual MBni gayd etuvchi 
bulutl xizmat darchasi va MBdan foydalanish 
havolasi paydo bo‘ladi (1-rasm). Bu havola orqali 
MBga kirish va uni qayta ishlash faqat akkaunt 
egasiga mumkin bo‘ladi. 

Keyingi vazifa _ yaratilgan _—bulut 
texnologiyasidan mobil ta’limda foydalanish 
uchun bulut va mobil-ilova o‘rtasida axborot 
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i tuychi: "\"12345\"" 


almashinuvini amalga oshirish hisoblanadi. Bu 
jarayonni mobil ta’limda MBni shakllantirish 
uchun ro‘yxatdan o‘tish va ilovaga kirish oynasini 
yaratish hamda ishga tushirish misolida ko‘rib 
chigamiz. 

Buning uchun mobil-ilovaning — kirish, 
ro‘yxatdan o‘tish sahifasining dasturlash oynasida 
MBni _ tashkil etish uchun foydalaniladigan 
“FirebaseDB” operatorini ilovaga yuklaymiz (2- 
rasm). 


icpev__| 


Central Asian Journal of Education and Computer Sciences 
(CAJECS) Scientific Journal 


Storage 

Connectivity 

LEGO® MINDSTORMS® 
Experimental 


FirebaseDB 


Extension 


Non-visible components 
i FirebaseDB1 | 


2-rasm. Mobil ilovaga MBni bog‘lash 

amaliyoti. 

Bu operator mobil-ilovaning mazkur 
sahifasida qayd etiladigan ma’lumotlarni internet 
orgali bulutga yuklash va qayd etish vazifasini 
yugorida keltirilgan havola orgali amalga oshiradi. 

Magolaning ilmiy mohiyati. Mobil-ilova 
bulutdagi MB bilan bog‘lanishini “FirebaseDB” 
oynasida joylashgan “FirebaseURL” yordamchi 
paneliga bulut MBning maxsus havolasi nusxasini 
kiritish orqali amalga oshirish mumkin bo‘ladi. 

Yaratiladigan mobil-ilovada bulutning MB 
uchun ma’lumotlarni kiritish, so‘rov berish va 
kiritilgan ma’lumotni tasdiqlash amaliyotining 
asosiy qismini axborot kiritish maydoni va 
tasdiqlash tugmalari tashkil etadi. 

Ilovaning mazkur sahifasida tizimga kirish 
uchun ro‘yxatdan o‘tish, login, kalit so‘z (parol) va 
tasdiqlash kabi MBning matn maydonlari va 


‘login « Jy) Tes 


"BEI FirebaseDB1 + MerZiir 
tag 


valuelfTagNotThere 


3-rasm. Mobil ilovaga talabaning 
MBni kiritish algoritmi. 
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tugmalari kiritiladi. Bu amaliy dasturiy jarayonni 
appinventor algoritmli virtual dasturlash muhitida 
ilovaning sahifasiga tugmalarni “Button”, matnli 
axborotlarni MBga kiritish maydoni uchun esa 
“TextBox” uskunalaridan foydalanamiz. 
Appinventor  algoritmlash —= muhitida 
tugmalar va MBga ma’lumot kiritish jarayonini 
bulutga yuklash uchun tizimning algoritm 
yozadigan blokiga quyidagi  vazifalarni 
yuklaymiz: 
eilovadan foydalanish yo‘riqnomasi 
sahifasini — “yo‘riqnoma” nomli tugma 
orqali faollatirilishini ta’minlash; 
eilovaga kirish uchun yaratilgan — 
“tasdiqlash” nomli tugmaga “parol” va 
“login” matnli maydonlardagi belgilarni 
to‘g‘ri yoki noto‘g‘ri ekanligini tasdiqlash 
(3-rasm); 


xt + 


eagarda “parol” va “login” to‘g‘ri 
bo‘lsa, u holda ilovadan foydalanish 
oynasiga o‘tilsin, aks holda bo‘lsa joriy 
oynani qayta yuklasin (4-rasm); 


icpev__| 
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ccs value ~ Bi = ~ IGT paroll ~ Bi Text ~ | 


open another screen screenName 


4-rasm. MB 

tekshirish algoritmi 

Bu vazifalar o‘z navbatida MBga so‘rov 

jo‘natib ma’lumotning bazada mavjud_ yoki 

mavjud emasligini tekshiradi. MBda mavjud 

ma’lumot qayd etilganda, “tasdiqlash” tugmasi 

orqali ilovaga kirish, ya’ni keyingi oynani ochish, 
egistrarse » 

do | (3) if 


orgali talabanini 


then call 


valuelffagNotThere 


5-rasm. Talabani MB qayd etish 
algoritmi 

Bu maydonda login(foydalanuvchi nomi) va 
kalit so‘z (parol) so‘ralgan matnli maydonlarga 
kiritilib “tasdiqlash” tugmasi bosilgan vaqtda 
bulutdagi MBda foydalanuvchi mavjud bo‘lsa, 
“Ushbu foydalanuvchi tizimda mavjud” degan 
xabarni jo‘natuvchi algoritmlar yuklanadi. Bundan 
tashqari MIT App Inventor algoritmlash muhitida 
kalit so‘zlarni yodda gqolishi uchun  boshqa 
dasturlar kabi ikki marta tasdiqlatish funsiyasi 
kiritilgan. Agar ro‘yxatdan o‘tish jarayonida kalit 
so‘zlarning ikkita maydondagi mantiqiy tengligi 
bir-biriga mos bo‘Imasa, bu xatolik hisoblanadi. 
Ilovada ham bu jihat e’tiborga olinishi va 

algoritmga xatolik haqida xabar berilishi lozim. 
Ro‘yxatdan o‘tish jarayoni muvaffaqiyatli 
amalga oshgan taqdirda “siz ro‘yxatdan o‘tdingiz” 
nomli xabardan so‘ng “qayta yuklash” tugmasi 
orgali ilovaga kirish uchun yo‘nalish berish 


Cn 


aksincha vaziyatda “login yoki parol noto‘g‘ri 
javobini beradigan algoritmlarni ilovaning mazkur 
sahifasidagi mavjud obyektlarga yuklaymiz. 


“Ro‘yxatdan o‘tish” tugmasiga esa bulutdagi 
MBga yangi ma’lumot (foydalanuvchi) kiritish 
oynasini ochib beradigan vazifalarni bajarish 
algoritmi yuklanadi (5-rasm). 


-GetValue 
tag | (eee - 


algoritmining ham _ bo‘lishi foydalanuvchiga 
ortiqcha harakat yuklashning oldini oladigan 
vazifa bo‘lib hisoblanadi. 

Xulosa o‘rnida mobil ta’lim ilovalarini bulut 
teyexnologiyasidan foydalanib ishlab chigish va 
joriy etish quyidagi imkoniyatlarni yaratadi: 

1.Mobil ta’lim ilovalaridan foydalanishda 
operativ va doimiy xotiriralaridan ortiqcha joyni 
tejab qolish imkonini beradi. 

2.Bulut texnologiyadan foydalanib 
yaratilgan mobil ilovalarning ta’limiy tarbiyaviy 
va foydalanuvchini nazorat qilish imkoniyatlari 
kengaytiriladi. 

3. Mobil ta’lim ilovada bilimni baholash 
natijalarini gqisqa vaqtda ko‘rsatish jarayonlari 
amalga_ oshirish orgali  liberallilik tomoyili 
asoslanishi, talabalarning o‘zlashtirish 
ko‘rsatkichlarining onlayn ko‘rinishini 
ta’minlaydi va ilmiy sog‘lom raqobatni vujudga 
keltiradi. 
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